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Viral inhibitors 



FIELD OF THE INVENTION 

5 The present invention relates to a series of novel imidazo[4,5-e]pyridine derivatives, 
processes for their preparation, iheir use to treat or prevent viral infections and their use to 
uuumfecture a medicine to treat or prevent viral infections, preferably infections with viruses 
belonging to the family of the Flaviviridae and more preferably infections with hepatitis-C- 
virus (HCV). The present invention also relates to the use of novel imidazo[4 9 5-e]pyridine 
10 derivatives to treat viral infections and their use to manufacture a medicine to treat viral 
infections, preferably infections with viruses belonging to the family of the PicornavMdae 
and more preferably infections with Coxsackie viruses, 

BACKGROUND OF THE INVENTION 



The family of the Flaviviridae consists of 3 genera, the pestiviruses, the flaviviruses and the 
hepaciviruses and also contains die hepatitis G virus (HGV/GBV-C) that has not yet been 
assigned to a genus- Pestiviruses such as the Classical Swine Fever Virus (CSFV), the Bovine 
Viral Diarrhea Virus (BVDV) and the Border Disease Virus (BDV) cause infections of 

20 domestic livestock (respectively pigs, cattle and sheep) and are responsible for significant 
economic losses worldwide, BVDV, the prototypic representative of the pestivirus genus is 
ubiquitous and causes a range of clinical manifestations, including abortion, teratogenesis, 
respiratory problems, chronic wasting disease, immune system dysfunction, and 
predisposition to secondary viral and bacterial infections and may also cause acute fatal 

25 disease. Fetuses of cattle can be infected persistently with BVDV, these animals remain 
viremic throughout life and serve as a continuous sources for virus spread in herds. 

Vaccines are used in some countries with varying degrees of success to control pestivirus 
disease. In other countries, animal culling and slaughter are used to contain pestivirus disease 
30 outbreaks (Leyssen P, et aL, Clin Microbiol Rev. 2000 Jan;l3(l):67~82). 

The World Health Organization estimates that world-wide 170 million people are chronically 
infected with HCV (Leyssen P, et aL, Clin Microbiol Rev. 2000 Jan;I3(l):67-82). These 
chronic carriers are at risk of developing cirrhosis and/or liver cancer. The only treatment 
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option available today is the use of (pegylated) interferon a-2 together with ribavirin. 
However the response rate to this treatment is only partial and often transient and treatment is 
associated with serious adverse effects. The development of new and specific anti-HCV 
tn*1ments is a high priority. The study of specific inhibitors of HCV replication has been 
hampered by the fact that it is not possible to propagate HCV (efficiently) in cell cultore. 
Since HCV and pestiviruse* belong to the same virus family and share many simdarmes 
(or gamsatisn of the genome, analogous gene products and replication cycle), pestiviruscs 



have been adopted as a model and surrogate for HCV. 

» One compound VP32947 or ( H «2-dipiop^^ 

has been reported to selectively inhibit the replication of BVDV and other pestiviruses 
(Baginski SG et ah, Proc Natl Acad Sci U S A. 2000 Jul 5;97(14):7981-6). There is no 
treatment strategy available for controlling infections caused by pestiviruses. 

15 cookie viruses belong to the group of the enteroviruses, family of the Pieornaviridae. 
They cause a heterogeneous group of infections including herpangina, aseptic menmgms, a 
common-cold-like syndrome, a non-paralytic poliomyelitis-like syndrome, epidenuc 
pleurodynia (an acute, febrile, infectious disease generally occurring in epidemics), hand-foot- 
mouth syndrome, pediatric and adult pancreatitis and serious myocarditis. 

20 

Currently only pleconaril (3 -13,S^emyl-4-[[3-me^^ 

(trifluoromethyl^lA^xadiazole) and enviroxime [2-amino-l-(isopropylsulfonyl)-6- 
benrimidazole phenyl ketone oxime] have been studied clinically for the treatment of 
infections with enteroviruses. Pleconaril is a so called "capsid runction-inhibitoi- enviroxune 
25 prevents the formation of the RNA replicative intermediate. Enviroxime resulted m only 
modest clinical and virological benefit in some studies (PhUlpotts RJ, Wallace J, Tyrrell DA, 
Tagart VB. Antimicrob Agents Chemother. 1983 May;23(5):671-5.) and no benefits in others 

(Miller ED, et ah, Chemother. 1985 Jan^7(l): 102-6.). Clinical response with pleconarfi has 
been observed in some studies (Rothart HA, Webster AD. Clin Infect Dis. 2001 Jan 
30 l5-32(2):228-35., Rotbart HA. Antiviral Res. 2002 Feb;53(2):83-98), but the compound has 

not been approved by the Food and Dn^ Adnnmstration Rearing of March 18 , 2002). The 

inhibitors of Coxsackievirus replication presented here may be used fox the treatment of 

infections with Picomaviridae. 
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la view of their important pharmacological value, mere is a need for drugs having selective 
activity against viruses belonging to the family of Flaviviridae to which also belongs the 
hepatitis C vims, and viruses belonging to the family of Picomavidae. 

5 It is the object of the present invention is to provide a novel class of compounds mat ate 
active viral inhibitors. One embodiment of present invention are inhibitors of Flaviviridae, 
preferably inhibitors of the pestivirus replication specifically inhibiting the replication of 
B VDV; closely related to hepatitis C virus (HCV) and used as a surrogate virus in drug 
development for HCV infection (Zitzmann N.et at, Proc. Natl, Acad, ScL USA, 96, 11878- 
10 11882 and Buihtiyarova,-M et al„ Antivir-Cbem-Chemother. 2001 Nov, 12(6): 367-73). 
Another embodiment : of present invention is a novel class of compounds that can be used for 
the treatment of infections with Picoraaviridae and preferably are active inhibitors of 
Coxsackievirus replication. 

IS ILLUSTRATIVE EMBODIMENTS OF THE INVENTION 

One embodiment of present invention relates to novel substituted hmdazo^^Jpyridine 
derivatives according to the general formula (1) 

20 




I 



or a pharmaceutical^ acceptable acid addition salt thereof and their use in a treatment of viral 
infection or to manufacture a medicament to treat or prevent viral infection, wherein : 

25 

R 1 is selected from hydrogen; phenyl substituted with 0-3 R 6 ; (benzoanneUated) 5 or 6 
membered heterocyclic ring containing 1-3 heteroatoms selected from the group O, N, and S, 
substituted with 0-2 R 6 ; 1-naphthyl substituted with 0-3 R 6 ; 2-naphfhyl substituted with 0-3 

3 
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R«; Cm cycloalkyl; C5.7 cycloaDcenyl with the proviso that the double bond cannot be 
adjacent to a nitrogen. 

Y is selected from the group O; S; NR»; -CH(CHs)-; -Odfc-; -CH*0-; -OCHr 
5 CH*-; -CBrCaOs -Ofe-O-CH*.; -SOfe-CHa-; -CH 2 -CH 2 S-; -Ofc-S-CH,.; -NR"-CH 2 - 
dfe-i -CHa-CHr NR. 11 -; -CHr- NR^CH*-; -CfpHfrt (cis ox trans) -CH^CH^CH-; (cis or 
traas)-CH =CH-CH2-. 

R* R 4 and R 5 are independently selected from hydrogen; straight or branched alkoxy; 
10 straight or branched C« alkyl; F; CI; Br, I; OH; CN; NO,; NR 7 * 8 ; OCF 3 ; CF 3 ; C(=0)R 9 ; 
phenyl; phenoxy; benzyl; hydtoxymetbyl- 

X is selected from the group -CHa-i -CH(CH3>; -CH 2 -CH 2 -; -CHa-CHrCHr; -CHz-CH*- 
CHrCH 2 ; -OCH2-CH2S -SCH.-CHz-; -NR^-Ofe-CHr; C 3 . 7 oycloalkyUd«ne; ^1 - 
15 CftrCHCCHO-CHa-; -CHCCH^-CHa-CHr; -CHz-OIj-CHCCHj)-; -CH=CH-CHr-. 

H? is selected from phenyl substituted with 0-3 R t7 ; (benzoannellated) 5 or 6 membered 
heterocyclic ring containing 1-3 heteroatoms selected from the group O, N and S, substituted 
with 0-2 R 17 ; 1-naphthyl substituted with 0-3 R p ; 2-naphthyl substituted with 0-3 R 17 ; C3-1 
20 cycloalkyl; Cw cycloaDcenyl with the proviso that the double bond cannot be adjacent to a 
nitrogen. 

R 5 and R 17 are independently selected from the group H; straight or branched d. 6 alkoxy; 
straight or branched C« <W ft CI; Br, t OH; CN; NO,; NR l3 R 14 » OCF 3 ; CF 3 ; C(K»R' 8 ; 
25 phenyl; phenoxy; benzyl; hydroxymethyL 

R 7 and R 8 are independently selected from H; straight or branched Ci* alkyl; phenyl; 
C(=0)R 12 . 

30 alternatively, R 7 and R 8 , together with the nitrogen to which they are attached, combine to 
f oral a 5-6 membered ring containing 0-1 O orN atoms. 

R* and R w are independently selected from H; OH; straight or branched alkyl; straight or 
branched C w alkoxy; NR 15 R 16 ; phenyl. 
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R 0 and R are independently selected from the group H; straight or branched alkyl; 
phenyL 



R 13 and R 14 are independently selected from H; straight or branched Ci^ alkyl; phenyl; 
C(==0)R 12 . 

10 R 15 and R 16 are independently selected from the group H; Ci. 6 straight or branched alkyl; 
phenyL " " . . - , - 

A second embodiment of present invention comprises a group of compounds related to the 
15 general Formula (I) wherein R 1 is directly linked to the imidazo [4,5-c]pyridine ring structure: 
Formula (II): 



n 

or 4 pharamceirticaliy acceptable acid addition salt thereof and the use of said compounds in a 
20 treatment of viral infection or to manufacture a medicament to treat viral infection* wherein: 

R 1 is selected from phenyl substituted with 0-3 R e ; (benzoannellated) 5 or 6 membered 
heterocyclic ring containing 1-3 heteroatoms selected from the group O, N, and S, substituted 
25 with 0-2 R*; 1-naphthyl substituted with 0-3 R € ; 2-naphthyl substituted with 0-3 R 6 ; C^ 7 
Cycloalkyl; C5-7 cycloalkenyl. 



5 R 12 is selected from the group H; Ci^ straight or branched alkyl; phenyl. 
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R 2 R 4 and R 5 are independently selected from hydrogen; straight or branched Ci-e alkoxy; 
straight or branched alkyl; F; CI; Br, I; OH; CN; N0 2 ; NR 7 R 9 ; OCF 3 ; CF 3 ; C^O^ 9 ; 
phenyl; phenoxy; benzyl; hydroxymethyL 

5 X is selected front the group -CBr<, -CR{Cihy, -CHa-CH*-; -CH^-CIfe-CH*-; -Clfe-CH^ 
CB.2-Cik; -OCHrCHj-; -SCH 2 -CH r ; -NR l0 -CH 2 -CaHfe-; C3.7 cycloalkylidene; -CCCEfe)*-; - 
C TT 2 -ra(CHQ-CK,-; -CH(CH 3 >CH 2 -CH2-; -CHa-Ofe-CHCCH*)-; -CH-CH-CHz-. 

R 3 is selected from phenyl substituted with 0-3 R 17 ; (benzoanneflated) 5 or 6 membered 
10 aromatic heterocyclic ring containing 1-3 heteroatoras selected from the group O, N, and S, 
substituted with 0-2 R 17 ; 1-naphthyl substituted with 0-3 R n ; 2-naphthyl substituted with 0-3 
R 17 ; C3.7 cycloalkyl; C^j cycloalkenyi with the proviso that the double bond cannot be 
adjacent to a nitrogen. 



15 R 6 and R 17 are independently selected from the group H; straight or branched Ci* alkoxy; 
straight or branched Cm alkyl; F; Cl; Br, I; OH; CN; NO2; NR l3 R 14 ; OCF 3 ; CF 3 ; C(=0)R 15 ; 
phenyl; phenoxy; benscyl; hydroxymethyL 

R 7 and R B are independently selected from H; straight or branched Ci-« alkyl; phenyl; 
20 C(=0)R w . 

alternatively, R 7 and R 8 , together with the nitrogen to which they are attached, combine to 

1 

form a 5-6 membered ring containing 0-1 O or N atoms. 

25 R 9 and R ls are independently selected from H; OH; straight or branched alkyl; straight or 
branched C^ alkoxy; NR 15 R 16 ; phenyl. 

R l<> is selected from the group H; C M straight or branched alkyl; phenyl. 
30 R 12 is selected from the group H; Cm straight or branched alkyl; phenyl. 

R 13 and R w are independently selected from H; straight or branched Cm alkyl; phenyl; 
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R and R 16 are independently selected from the group H; C t * straight or branched alkyk 
phenyl. 



5 Preferably the second embodiment of present invention comprises the group of compounds 
according to formula II 



R 5 




n 

10 or a pharmaceuticatly acceptable acid addition salt thereof and the use of said compounds in a 
treatment of viral infection or to manufacture a medicament to treat viral infection, wherein: 

R 1 is selected from phenyl substituted with 0-3 R 6 ; (benzoannellated) 5 or $ membered 
heterocyclic ring containing 1-3 heteroatoms selected from the group O, N, and S, substituted 
15 with 0-2 R*; 1-naphihyl substituted with 0-3 R $ ; 2-naphthyl substituted with 0-3 R 6 ; C 3 . 7 
cycloalkyl; C5.7 cycloalkenyl. 

R 2 , R 4 and R 5 are independently selected from hydrogen; straight or branched Cus alkoxy; 
straight or branched C M alkyl; F; CI; Br, I; OH; CN; N0 2 ; NR 7 R 8 ; OCF 3 ; CF 3 ; C(=OJR 9 ; 
20 phenyl; phenoxy; benzyl; hydroxymethyl. 

X is selected from the group -CH r ; -CH(CH 3 )-; -CH 2 -CEk-CH ? -; -OCH 2 -CHz-; -CH=CH- 
CH2-. 

25 R 3 is selected from phenyl substituted with 0-3 R 17 ; (benzoannellated) 5 or 6 membered 
aromatic heterocyclic ring containing 1-3 heteroatoms selected from the group O, N, and S, 
snbstituted with 0-2 R 17 ; 1-naphthyl substituted with 0-3 R 17 ; 2nnaphthyl substituted with 0-3 
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R"; C3.7 cycloalkyl; Cs, cycloalkenyl with me proviso that the double bond cannot be 
adjacent to a nitrogen. 

R 6 and R n are independently selected from the group H; straight or branched C w alfcoxy; 
S straight or branched C M alkyl; F; Cl; Br; I; OH; CN; NO,; NR*R H ; OCF 3 ; CF 3 ; C(=0)R 18 ; 
phenyl; phenoxy; benzyl; hydxoxymethyl. 

R 7 and R 8 are independently selected from H; straight or branched Ci* alkyl; phenyl; 



C(=0)R 12 . 



10 



al^iatiyely, R 7 and R 8 , .together with the nitrogen, to which they are attached, combine to 
form a 5-6 membered ring containing 0- 1 0 or N atoms. 

R* and R 18 are independently selected from H; OH; straight or branched C w alkyl; straight or 
is branched C t ^ alkoxy; NR 15 R 16 ; phenyl. 

R 12 is selected from the group H; Cm straight or branched alkyl; phenyl. 

R 13 and R 14 are independently selected from H; straight or branched Ci-e alkyl; phenyl; 
20 C(=0)R 12 . 

R ,s and R 16 are independently selected from the group H; Cu« straight or branched alkyl; 

1 

phenyl. 

25 A more prefeired second embodiment of present invention comprises the group of compounds 
according to formula II 



R 5 



n 



8 
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or a phannaceutically acceptable acid addition salt thereof and the use of said compound in a 
treatment of viral infection or to manufacture a medicament to treat viral infection, wherein: 

s R 1 is" selected from phenyl substituted with 0-3 R 6 ; (benzoannellated) 5 or 6 membered 
heterocyclic ring containing 1-3 heteroatoms selected from the group O, N, and S, substituted 
with 0-2 R* 1-naphthyl substituted with 0-3 R 6 ; 2-napJrthyl substituted with 0-3 R 6 ; C3.7 
cycloalkyl; C5.7 cycloalkenyL 

10 R 2 , R* and R* are hydrogen. 

X is selected from the group -CH 2 -; -CH(CHa)-; -CH7.-CH2-CH2-; -OCH2-CH2S -CH=CH- 
CH2-. 

15 R 3 is selected from phenyl substituted with 0-3 R 17 ; (benzoannellated) 5 or 6 membered 
aromatic heterocyclic ring containing 1-3 heteroatoms selected from the group O, N, and S, 
substituted with 0-2 R 17 ; 1-naphthyl substituted with 0-3 R 17 ; 2-napb.thyl substituted with 0-3 
R 17 ; C3.7 cycloalkyl; C5.7 cycloalkenyl with the proviso that tiie double bond cannot be 
adjacent to a nitrogen 

20 

R 6 and R 17 are independently selected from the group H; straight or branched C M alkoxy; 
straight or branched Ci-« alkyl; F; CI; Br; ft OH; CN; NCh; NR l3 R 14 ; OCF 3 ; CF 3 ; C(=0)R 9 ; 
phenyl; phenoxy; benzyl; hydroxyraefliyr. 

23 R* is selected from H; OH; straight or branched C M alkyl; straight or branched d-s alkoxy; 
NR 15 R W ; phenyl. 

R 13 and R" 4 are independently selected from H; Btraight or branched Cus alkyl; phenyl; 
C(=0)R 12 . 

30 

R 1S and R 16 are independendly selected from the group H; straight or branched alkyl; 
phenyl 
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Yet a more preferred second embodiment of present invention comprises the group of 
compounds according to formula H 




n 

or a pharmaceutically acceptable acid addition salt thereof and the use of said compound in a 
treatment of vital infection or to manufacture a medicament to treat viral infection, whereur. 

R> is selected from phenyl substituted with 0-3 R s ; (benwanneuated) 5 or 6 membered 
,o heterocyclic ring containing 1-3 heteroatoms selected from the group 0, N. and S, substituted 
with 0-2 R*; 1-naphthyl substituted with 0-3 R 6 ; 2-napmhyl substituted with 0-3 R . 

R 2 , R 4 and R 5 are hydrogen. 
15 X is selected from -OH*-; -CH(CH 3 >; -Cifc-CHa-CH*-; -OCHx-CH*-; -CH=CH-CH,-. 

r' is selected from phenyl substituted with 0-3 R": (benzoanneliated) 5 or 6 membered 
aromatic heterocyclic ring containing 1-3 heteroatoms selected from the group O, N» and S, 
substituted with 0-2 R 17 ; 1-naphthyl substituted with 0-3 R"; 2-naphthyl substituted with 0-3 

20 R 17 . 



9. 



25 



R« and R" are independently selected from me group H; straight or branched C,-« alkoxy; 
straight or branched C« alkyU F; CI; Br; I; OH; CN; NO a ; NR ,3 R* 4 ; OCF 3 ; CF 3 ; C(=0)R 
phenyl; phenoxy, benzyl; hydroxymethyl. 

fe selected from H; OH; straight or branched C,. 6 alkyl; straight or branched C« alkoxy; 
MR I5 R 16 ; phenyl. 
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R u and R 14 are independently selected from H; straight or branched alkyl; phenyl; 
C(K))R* 

R 15 and R 16 axe independeotiy selected from the group H; straight or branched alkyl; 
5 phenyl. 



Most preferably the second embodiment of present invention comprises the group of 
compounds according to formula II 

10 




or a pharmaceutical^ acceptable acid addition salt thereof and the use of said compound in a 
treatment of viral infection or to manufacture a medicament to treat viral infection, wherein 

R l is selected from phenyl substituted with 0-3 R*; 5 or 6 membered heterocyclic ring 
containing 1-3 heteroatoms selected from the group O, N> and S, substituted with 0-2 B?; 1- 
naphthyl substituted with 0-3 R 6 ; 2-naphthyl substituted with 0-3 R 6 * 



20, R 2 , R 4 and R 5 are hydrogen. 



X is selected from-CEfe-; -CH(CH 3 )-; ^CH2-CH 2 -CH 3 -; -OCH 2 -CH 2 S -CH=CH-CH 2 -. 

R 3 is selected from phenyl substituted with 0-3 R 17 ; 5 or 6 membered aromatic heterocyclic 
25 ring containing 1-3 heteroatoms selected from the group O, N 5 and S > substituted with 0-2 R J7 ; 
1-naphthyl substituted with 0-3 R 17 ; 2-naphthyl substituted with 0-3 R 17 . 
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R 5 ^ R i' ^ independently selected from hydrogen; straight or branched C w alkoxy; 
straight or branched C w alkyt F; CI; Br, I; OH; CN; NO* NR ,3 R 14 ; OCF 3 ; CF 3 ; C(=0)R ? 
phenyl; phenoxy; benzyl; hydroxymethyl, 

5 R 9 is selected from H; OH; straight or branched C« aBtyh straight or branched C w alkoxy; 
NR 1S R 16 ; phenyl. 

R 13 and R 14 are independently selected from H; straight or branched Cm alkyl; phenyl; 
C(=0)R ,z . 

10 

R 15 and R 16 are independently selected from the group H; d-s straight or branched alkyl; 
phenyl. 



15 A third emtodiment of present invention is a compound selected from the following group of 
compounds and its use in a treatment of viral infection or their use to manufacture a 
medicament to treat a viral infection: 

S^,6-Dffluorobenjyl)-2-(2,6^^ 
20 5-Benzyl-2-(2,5^uorophenyl>5if-mndazo[4,5^]pyridine; 

5K2,6-Difluorobenzyl)-2-pheny^ 
5-Benzyl-2-phenyl-5if-inndazo[4,5^]pyridine; 
2<2,6-Difluorophenyl)-5-phenethyl-5if-m^ 
2-Phenyl-5<3-phenyl-propyl>5if-ttmdazo[4 > 5-c]pyridine; 
25 5-(2-Cmorobenzyl)-2-phenyl-5iJ-ttmda2o[4,5-c]pyridme; 
S-Ca-ChloroDen^^'phenyl-S^-hmd^KS^pyridine; 
S-(4-Chlorobenzyl)-2-phenyl-5i?-umdazo[4,5H;]pyridine; 

5-(2'Memoxybenzyl)-2-phenyl-5^ 
5<3-Memoxybenzyl)-2-phenyl-5H-imioazo[4,5^]pyridme; 

30 5<4-Memoxybenzyl)-2-phenyl-5/f-n^ 
5-(4-Memyn>enzyl)-2-phenyl-5J^^ 
5-(3-Ruoroben2yl>2-phenyl-5ff-^ 
5-(4-Fluorobenzyl>2-phenyl-5-ff-iniidazo[4^]pyridine; 
5^4-Bromobenzyl)-2-phenyl-5F-inndazo[4,5K5]pyridine; 

12 
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4- (2-Pheayl-5j&f-imidazo^^ 
5^4-Trifluoromethyl4>e^ 

5^4-CMorobenzyl)-2-phe^l-5i?-M hydrochloride; 
5<5<Moro-2-thimylmethyl)-2^ 
5 5<2-Naphthylmetkyl>^^ 

2-Pheayl-5<4-phenyl4>utyl)-5^^ 

2^Pheayl-5^4-phenyl-benzyl)-^^ 

(R/S>24>henyi-5-(l-ph^ 

5- (l -Naphthylmetkyl>2-phe^ 
10 5^2/H^uoioben^l)~2-(2 t 

5-(4-Bromobrazyl)-2-(2-cMoi^^ 

5-(4-Bromobenzyl>-2-(3^Morophenyl)-5if-iim 

5^4-Bromobenzyl)-2-(4<M^ 

5^4-Bromobenzyl)-2-(2-pyri^^ 
15 5^4-Bromobenzyl)-2<2-thiOT^^ 

5-(4-Bnmioben2yl)-2-(l-naphthyl)-5H-im 

5-(4-Bromobenzyl)-2<2-n^ 

5-(4-Iodobenzyl)-2-phenyl-5#^^ 

5-(4-Bromobeii2yl)-2^3-fl^^ 
20 5-(4-Bromobenzyl)-2<3-methy^ 

S-(4-Bromobenzyl)-2-0^ 

5^4-Broraoben2yl)-2H>m^^ 

5-(4-Chlorobenzyl)-2<3-bromop 

5K4^hloiobenzyl^^ 
25 5^2-Phenoxy-ethyl)-2-p^^ 

5<3-Phenyl-prop-2-OT-^^ and 

5^4-Iodobenzyl)-2^3-hromophe^ 



description of the invention 
General Methods 
Chemistry 
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The compounds according to the invention are conveniently prepared in two general steps. 
First, a (substituted) 3,4-diaminopyridine (A) is reacted with B to give imidazo[4,5- 
c]pyridines C (scheme 1). If Y is COOH, then the cyclization is carried out under acidic 
catalysis (preferably in polyphosphoric acid at a temperature between $0 and 200 °C); other 

5 methods include reaction in 4N hydrochloric acid at reflux temperature or neat at a 
temperature between 90 and 180 °C (for aliphatic caiboxylic acids). In the case of acid- 
sen sitive g roup s life alkoxy or ihiophene, the reaction can be carried out in phosphorus 
oxychioride at a temperature between 70 and 120 °C. Alternatively, reacttoix^^braldebydes^ 
(Y = CHO) or their bisulfite adducts imder oxidative conditions (nitrobenzene, DDQ, 

10 copper(II)acetate 9 O*, sulfur etc.) gives imidazo[4,5-c]pyridines C. Other methods are the 
reaction of (substituted) 3,4^aminopyridines (A) with orthoesters (Y « C(OR)$% anhydrides 
(Y - OCOOR) or acid haiogenides (Y = COX), etc. 



The imidazo[4,5-c]pyridines C can be formulated in three tautomeric forms (Iff, 3H or 5H) t 
as shown in scheme 2. 



Scheme 1: 
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Scheme 2: 
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Substituents (R 2 , R 4 and/or R 5 ^ H) can be introduced by two ways: i) either by cyiization of 
an appropiately substituted 3 ,4-diaminopyridibae A or ii) by introduction of the $ub$tjtueat($) 
5 onto the imidazo[4,5n;]pyTidine C. For example, halogens can be introduced in position 7 of 
the imidazo[4,5-c]pyridine C by direct halogenation (R 5 = Br with bromine in acetic acid or 
with NBS in acetic acid; R 5 = Ci: with chlorine in acetic arid or with NCS in acetic acid). 
Another example is the direct nitration (R s = NCfe), followed by reduction to give the ammo 
group (R 5 - NH2). Substituents in position 4 of the imidazo[4,5-c]pyridi]ae C can be 
10 introduced, for example, via the corresponding imidazo[4,5-c]pyridine N 5 -oxides. 

The second and final step is the reaction of the imidaaxi^S-cIpyridines C with an alkylating 
agent D (R 6 = CI, Br, etc.) in an appropiate solvent (preferably DMF) under addition of a base 
(preferably aqueous sodium hydroxide) at ambient temperature (scheme 3). 




This reaction gives mixtures of three products (atkylation at the N 1 , N 3 or N* of the 
imidazo^S-cJpyridine C, respectively). For example, reaction of imidazo[4 5 5-c]pyridine C 
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(R l = 2,6-difluorophenyl, R 2 = R 4 = R 5 = H) with 2,6-difluorobcnzyl bromide gave the 
following mixture (scheme 4): 



SCHEME 4: 





'b 



E L 



16% 14% GPRTI-8 (65%) 

5 

This mixture can be separated by column chromatography (silica gel, ehient: mixture of 
dichloromethane and methanol). The structures of the isolated components can then be 
assigned by NMR spectroscopy (for example by one-dimensional NOB-tecbmquss: 
irradiation at the CH2 resonance frequency; applying this to GPRTI-8 gives signal 
10 enhancements of the protons in positions 4 and 6 of the irmdazo[4,5-c]pyridine ringsystem) or 
by single crystal x-ray analysis. 

Alternatively, the crude reaction mixture can be recrystallized from an appropiate solvent 
(mixture), e.g. from a mixture of diisopropyl ether and ethyl acetate, to give the pure N 5 
15 alkylated products. 



Mpthqdqlogv ttqr obterm t m atiqn of antiviral and cytostatic ACTIVITY 
20 Antiviral and cytostatic activity are detennined by the Methodology described below: 

rslls and viruses: Madin-Darbey Bovine Kidney (MDBK) ceils were maintained in 
Dulbecco's modified Eagle medium (DMEM) supplemented with BVDV-free 5% fetal calf 
serum (DMEME-FCS) at 37°C in a humidified, 5% CO? atmosphere. BVDV-1 (strain PE515) 
25 was used to assess the antiviral activity in MDBK cells. Vero ceils were maintained in the 
same way as MDBK cells. Vero cells were infected with CoxsacHe B3 virus (strain Nancy). 
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Anti-BVDV assay: Ninety-six-well cell culture plates were seeded with MDBK cells in 
DMEM-FCS so that cells reached 24 hr later confluence Then medium was removed and 
serial 5-fold dilutions of the test compounds were added in a total volume of 100 ul, after 
which the virus inoculum (100 ul) was added to each well. The virus inoculum used resulted 

5 in a greater than 90% destruction" of the cell monolayer after 5 days incubation at 37°C. 
Uninfected cells and cells receiving virus without compound were included in each asay plate. 
After 5 days, medium was removed and 90 pi of DMEM-FCS and 10 ul of MTS/PMS 
solution (Promega) was added to each well. Following a 2 hr incubation period at 37°C the 
optical density of the walls was read at 458 nm in a microplate reader. The 50% effective 

10 concentration (EQo) value was defined as the concentration of compouj&d that protects 50% 
of the cell monolayer from virus-induced cytopathic effect 



Examples 

15 

The following examples illustrate the present invention without being limited thereto. Part A 
represent the preparation of the compounds whereas Part B represents the phamiacologicsl 
examples, 

20 PART A 

Preparation Of 2^2,6-DifhiOTopheuyl)-l(3^ 

25 A mixture of the 3,4-diaminopyridine (2.00 g), 2,6-difluorobenzoic acid (1 equivaleitf) and 
polyphosphoric acid (50 g) was heated at 180°C for 4 h with stirring. Then the mixture was 
cooled to ambient temperature and poured into ice/water. The resulting mixture was 
neutralized by addition of solid Na 2 C03. The crude product was collected by filtration, 
washed with water and dried. It was used in the next step without further purification. 

30 

Recrystallized from water; brownish crystals; mp: 189-190°C; yield: 60%; *H NMR (200 
MHz, DMSO-d<D 8 13.20 (br s, 1H, NH), 9.04 (br 5, 1H, H4), 8.37 (br d, 1H, H6, JN5.4 Hz), 
7.76-7.61 (m, 2H, H7/4'), 7,42-7.30 (m, 2H, H3 75'). 
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Bxaroplg-2 

Preparation Of 2-Pfaenyl-l(3)ff-toiidazo[4,5-c]pyridine (GPJN-10) 

A mixture of the 3,4-diaminopyridiiie (2.00 g). benzoic acid (1 equivalent) and 
5 polyphosphate acid (50 g) was heated at 190'C for 3 h with stirring. Then the mixture was 
cooled to ambient temperature and poured into ice/water. The resulting mixture was 

neutralized hy addition of solid Na^CO* The crude product was collected by filtration, 

washed with water and dried. It was used in the next step without further purification. 

10 Recrystallized from water, off-white crystals; mp: 229-230'C; yield: 96%; 'H NMR (200 
MHz, DMSO-d*) 8 8.95 (d, 1H, H4, J=1.0 Hz), 8.31 (d, 1H, H6, J=5.4 Hz), 858-8.17 (m, 2H, 
arom. H), 7.64-7.50 (m, 4H, arom. H). 
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Example 3 

Preparation Of 5-(2,6^Diftucrobenzvl^ 
(GPRTI-8) 

2<2,6-Dmuorophenyl)-l(3W-imidazo[4.5<]pyridme (0.500 g) was dissolved in dry DMF (5 
mL) and me resulting solution was cooled to 0°C. Aqueous 50% sodium hydroxide (1.5 
equivalents) was added and the mixture was stirred for 15 nun. Then 2,6-difluorobenzyl 
bromide (15 equivalents) was added portionwise and the resulting mixture was stirred for 24 
h at room temperature. Finally, water (50 mL) was added, me precipitate was collected by 
filtration and dried to give the crude product mixture. 



Recrystallized from ethyl acetate; colorless crystals; mp: 195-197°C; yield: 65%; H NMR 
(200 MHz, DMSO-ds) 8 9.08 (br s, 1H, H4), 8.09 (dd, 1H, H6, J=6.6, 1.7 Hz), 7.82 (d, 1H, 
H7, J-6.6 Hz), 7.63-7.46 (m, 2H, H474"), 759-7.13 (m, 4H, H37573"/5"), 5.87 (s, 2H, 
CHO; MS (EI, 70 eV) m/z 357 (M*, 77%), 338 (4%), 230 (11%), 127 (100%); Anal. 
30 (C^HuFaNs) calcd.: C 63.87%, H 3.10%,N 11.76%, found: C 63.83%, H 3.15%, N 11.63%. 



Example 4 

Preparation Of 5-Beiizyl-2-(2,6^ffluorophenyl)-5/f-i^ (GPJN-l) 
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Prepared as described in example 3 from 2-<2,6-difluorophenyl)-l(3)7/ , -imidazo[4,5- 
c]pyridrae (0.500 g) and benzyl bromide (0.444 g, IJ2 equivalents). 

5 Recrystallized from a mixture of diisopropyl ether and ethyl acetate; off-white crystals; mp: 
180-181°C (degr.); yield: 30%; l H NMR (200 MHz, DMSO-ds) 8 9.24 (br d, 1H, H4, J^l.5 
Hz), 8.25 (dd, 1H, H6, J-6.9, 1.5 Hz), 7.81 (d, 1H, H7> J-6.9 Hz), 7.60-7,33 (m. 6H, 
^VWAiWAJ"), 7.26-7.13 (ra, 2H, H37S'), 5.71 (s, 2H, CEfe), 

10 Fxam pla S 
- -Prepantfion Of 5<2,6^Difluoraben^^ 

Prepared as described in example 3 from 2-phenyl-l(3)//-iinidazo[4 ) 5H;]pyridme (0.500 g) 
and 2,6-difluorobenzyl bromide (0.636 g, 1.2 equivalents). 

15 

Recrystallized from a mixture of diisopropyl ether (25 mL) and ethyl acetate (60 mL); 
colorless crystals; mp: 214-216°C; yield: 64%; 'H NMR (200 MHz, DMSO-de) 8 8.91 (br s, 
1H, H4), 8.39-8.32 (m, 2H, arom. H), 8.01 (dd, 1H, H6, J=6.9, 1.5 Hz), 7.72 (d, IH, H7, J=6.9 
Hz), 7.63-7.37 (m, 4H, arom, H), 7.30-7.16 (m, 2H, H375'), 5.81 (s, 2H, CH2). 

20 

Example 6 

Preparation Of 5-Benzyi-2-phenyl-5tf-nmd^o[4,5-c]pyridine (GPJN-4) 

Prepared as described in example 3 from 2-phenyl-l(3)H-inndW)[4,5-c]pyridine (0.500 g) 
25 and benzyl bromide (0.526 g, 1.2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (25 mL), ethyl acetate (50 mL) and 
methanol (4 mL); colorless crystals; mp: 214-216°C; yield: 33%; ! H NMR (200 MHz, 
DMSO-de) 8 9.09 (d, 1H, H4, J-1.4 Hz), 8.40-8 33 (m, 2H, arom. H), 8.18 (dd, 1H, H6, 
30 J=6.9, 1.4 Hz), 7.73 (d, 1H, H7, J=6.9 Hz), 7.52-7.32 (m, 8H, arom. H), 5.66 (s, 2H, CHb). 

Example 7 

Preparation Of 2-(2,6-Difluorophenyi>5-phenemyl-5 (GPJN-2) 

19 
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Prepared as described in example 3 from 2-(2 > 6-di£lwrophenyl)-l{3W-imidazo[4 > 5- 
c]pyridine (0.500 g) and 2-phenylethyl bromide (0.480 g, 1.2 equivalents). 

5 Recrystallized from a mixture of diisopropyl ether (50 mL) and ethyl acetate (40 mL); off- 
white crystals; mp: 184-186°C (degr.); yield: 14%; *HNMR(200 MHz, DMSO-d«) 5 9.02 (br 

d, 1H, W4, feL4 HzV 8.09 fdd, 1H, H6, J=6.7, 1.4 Hz), 7.74 (d, 1H, H7, J=6.7 Hz), 7.60-7.45 

(m, 1H, H4'), 734-7.12 (m, 7H, H375'/2'73"/4"/S"/6"), 4.74 (t, 2H, N-CH 2 , J=7.4 Hz), 3,26 
(t,2H,CH7,J=7.4Hz). 



Exam ple 8 

Preparation Of 2-Phenyl-5<3-phenyl-propy^-5H-inTidazo[4,5-c]pyridine (GPJN-14) 

Prepared as described in example 3 from 2^henyl-l(3)K-imidazo[4,S-c]pyridine (0.300 g) 
15 and 1 -bromo-3 -phenylpropane (0.367 g, 1.2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (7 mL); off- 
white crystals; mp: 44-46°C; yield: 44%; ^NMR (200 MHz, DMSO-d«) 5 8.95 (d, 1H, H4, 
J=1.4 Hz), 8.40-8.33 (m, 2H, arora. H), 8.09 (dd, IH, H6, J=6.8, 1.4 Hz), 7.71 (d, 1H, H7, 
20 J=6\8 Hz), 7.52-7.13 (m, 8H, arom. H), 4. 84 (t, 2H, N-CH* J=7.2 Hz), 2.65-2.57 (m, 2H, 
CHa), 2.31-2.16 (m, 2H, CHa). 



Example 9 

Preparation Of 5-(2-CWorobenzyl)-2-phenyl-5F-iim'dazo[4^]pyridine (GPJN-7) 

25 

Prepared as described in example 3 from 2-phenyl-l(3)^-imidazo[4 f 5-c]pyridine (0.300 g) 
and 2-chlorobenzyl chloride (0.297 g, 12 equivaleats). 

Recrystallized from a mixture of diisopropyl ether (25 mL) and ethyl acetate (65 mL); 
so colorless crystals; mp: 224-225°C; yield: 52%; l H NMR (200 MHz, DMSO-d*) 5 8.99 (d, LH, 
H4, J-1.6 Hz), 8.40-8.33 (m, 2H, arom. H), 8.10 (dd, 1H, H6, J-6.7, 1 .6 Hz), 7.75 (d, IH, H7, 
J=6.7 Hz), 7.59-7.34 (m, 6H, arom. H), 7.18-7.12 (m, 1H, arom. H), 5.80 (s, 2H, CH 2 ). 
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Example 10 

Preparation Of 5<3-CWorobenzyL>2-phenyl-5/f-imidazo[4,5-c]pyridiiie (GPJN-8) 

Prepared as described in example 3 from 2-phe3oyl-l(3)^-«mdazo[4 4 S^]pyri(Kne (O.30O g) 
and 3-chlorobenzyL bromide (0.379 g, 1.2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (27 mL); 
colorless crystals; mp: 210-212°O, yield: 54%; ! H NMR (200 MHz, DMSO-d 6 ) S 9.12 (d, 1H, 
H4, J-1.5 Hz), 8.39-8.32 (m, 2H, arom. H), 8.20 (dd, 1H, H6, J=6.7, 1.5 Hz), 7.74 (d, 1H, H7, 
J=6.7 Hz), 7.61-7.38 (m, 7H, arom. H), 5.66 (s, 2H, CHa). 



Example 1 1 

Preparation Of 5-(4-CmoTObenzyl)-2-phenyl-5£f-^ (GPJN-9) 

Prepared as described in example 3 from 2-phenyl-l(3)ff-imi6^zo[4,5-c]pyri<lme (0.300 g) 
and 4-cblorobenzyl chloride (0.297 g, 1 .2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (24 mL); 
colorless crystals; mp: 2ll-212*C; yield: 55%; *H NMR (200 MHz, DMSO-d 6 ) 6 9.09 (d, 1H, 
H4, J=1.5 Hz), 8.40-8.33 (m, 2H, arom. H),.8.17 (dd, 1H, H6, J=6.9, 1.5 Hz), 7.73 (d, 1H, H7, 
J=6.9 Hz), 7.52-7.40 (m, 7H, arom. H), 5.66 (s, 2H, CH 2 ). 

Example 12 

Preparation Of 5-(2-Memoxybenzyr;-2-phenyl-5^-inridazo[4,5-c]pyridine (GPJN-1 1) 

Prepared as described in example 3 from 2-phenyl-l(3)ff-imidazo[4,5-c]pyridine (0.300 g) 
and 2-methoxybenzyl chloride (0.288 g, 1.2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (30 mL); 
colorless crystals; mp: 182-184°C; yield: 60%; 3 H NMR (200 MHz, DMSO-de) 8 8.94 (d, 1H, 
H4, J-l.6 Hz), 8.39-8.32 (m, 2H, arom. H), 8.08 (dd, 1H, H6, J=6.7, 1.6 Hz), 7.69 (d, 1H, H7, 
J=6.7 Hz), 7.51-7.29 (m, 5H, arom. H), 7.10-6.94 (m, 2H, arom. H), 5.61 (s, 2H, CH 2 ), 3.84 
(s, 3H, OCH 3 ). 
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Example 13 

Preparation Crf5<3-Mefc^^^ 

Prepared as described m example 3 from 2^ W l-l(3^-inudazo[4 > S^]pyridm e (0.300 g) 
and 3-methoxybenzyl chloride (0.288 g, L2 equivalents). 

RecrystaUized from a mixture of diisopropyl ether (10 mL) and eftryl acetate (23 mL); 
colorless crystals; mp: 157-158*0, yield: 62%; »H HMR (200 MHz, DMSO-d*) 5 9.10 (d, 1H, 
to H4. J-l-7 Hz), 8.40-8.33 (m, 2H, arom. H), 8.18 (dd, 1H, H6, 3=6.7, 1.7 Hz). 7.72 (d, 1H, H7, 
_J=6.7 Hz), 7.52-7.27 (m, 4H, arom. H), 7.10-6.89 (m, 3H, arom. H), 5.61 (s, 2H, CH 2 ), 3.75 
(s,3H,OCH 3 ). 

15 PrepamtionOf5-(4-Meraoxybenzyl)^ 

Prepared as described hi example 3 from 2-pheayi4(3)H-miidazo[4,5-c]pyridirie (0.300 g) 
and 4-methoxybenzyl chloride (0.288 g, 1.2 equivalents). 

20 RecrystaUized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (3.1 mL); 
colorless crystals; mp: 21 1 -212°C; yield: 52%; l H NMR (200 MHz, DMSO-d*) 6 9.07 (d, 1H, 
H4, J-1.5 Hz), 839-832 (m, 2H, arom. H), 8.16 (dd, 1H,H6, J=6.9, 13 Hz), 7,70 (d, IH, H7, 
3=6.9 Hz), 7.51-7.37 (m, 5H, arom. H), 6.99-6.92 (AA'BB*, 2H, arom. H), 5.57 (s, 2H, CHa). 
3.73(s, 3H,OCH 3 ). 
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Example .15. 

Preparation Of S-(2-Metoyfoenzyl>2-phenyl-5ff-m^ (GPJN-20) 

Prepared as described in example 3 from 2- P henyl-l(3)/f-imidazo[4,5-c]pyridine (0300 g) 
30 and 2-methylbenzyl chloride (0.259 g, 1.2 equivalents). 

RecrystaUized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (44 mL); 
colorless crystals; mp: 223-224°C; yield: 60%; 'H NMR (200 MHz, DMSO-d*) » 8.93 (d, 1H, 
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H4, J=l.6 Hz), 8.41-8.33 (m, 2H, arom. H), 8.04 (dd, 1H, H6, J=6.7, 1.6 Hz), 7.7S (d, 1H, H7, 
>=6.7 Hz), 7.53-7.15 (m, 5H, arom. H), 6.92 (br d, 1H, worn. H, J=7,0 Hz), 5.73 (s, 2H, CH 2 ), 
2.32(s,3H,CH 3 ). 

Example 16 ~ 

Preparation Of 5<3-Memylbeiizyl)-2-phenyl-5tf-^^ (GFJN-21) 

Prepared as described in example 3 from 2-phenyl-l(3)ff-imi<iazo[4,5-c]pyridine (0.300 g) 
and 3-methylbenzyl chloride (0.259 g, 1.2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (15 mL); 
colorless crystals; mp: 183-185°C; yield: 46%; J H NMR (200 MHz, DMSO-d^) S 9.08 (d, lH, 
H4, J-1.5 Hz), 8.40-8.33 (m, 2H, arom. H), 8.16 (dd, 1H, H6, J=6.7, 1.5 Hz), 7.72 (d, IH, H7, 
J=6.7 Hz), 7.52-7.14 (m, 7H, arom. H), 5.61 (s, 2H, CH 2 ), 2.29 (s, 3H, CH 3 ). 

Example 17 

Preparation Of 5-(4-Methylbenzyl)-2-phenyl-5i/-iniidazo[4,5-c]pyridme (GPJN-15) 

Prepared as described in example 3 from 2-phenyl-l(3)W-iraidazo[4,5-c]pyrid«ie (0.300 g) 
and 4-methylbenzyl chloride (0.259 g, 1.2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (32 mL); 
colorless crystals; mp: 206-208°C; yield; 57%; l H WMR (200 MHz, DMSO-ds) 5 9.07 (d, 1H, 
H4, J=1.S Hz), 8.39-8.32 (m, 2H, arom. H), S.15 (dd, 1H, H6, J=6.7, 1.5 Hz), 7.71 (d, IH, H7, 
J=6.7 Hz), 7.52-7.17 (ra, 7H, arom. H), 5.60 (s, 2H, CH 2 ), 2.28 (s, 3H, CH 3 ). 

Example 18 

Preparation Of 5-(2-nuorober^l)-2-phenyl-5/r-imidazo[4,5-clpyTidine (GPJN-17) 

Prepared as described in example 3 from 2-phenyl-l(3)W-imidazo[4,5-c]pyridme (0.300 g) 
and 2-fluorobenzyl bromide (0.349 g, 1.2 equivalents). 
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Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl aOetate (37 mL); 
colorless crystals; mp: 209-211°C; yield: 67%; l H NMR (200 MHz, DMSO-d*) 8 9.01 (br s, 
1H, H4), 8.41-8.33 (m, 2H, arom. H), 8.06 (dd, IH, H6, J=6.8, 1.6 Hz), 7.74 (d, IH, H7, J=6.8 
Hz), 7.52-7.21 (m, 7H, arom. H), 5.76 (s, 2H, CHa). 

5 

Examolel9 

Separati on QfJK3jBagK&^^ (GPJN-18) 



Prepared as described in example 3 from 2-phei^l-l(3)H-^d aZ o[4 s 5-c]pyridin e (0.300 g) 
10 and 3-fluorobenzyl bromide (0.349 g, 1.2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (34 mL); 
colorless crystals; mp: 228-230°C; yield: 55%; J H NMR (200 MHz, DMSO-d«) 8 9.12 (d, IH, 
H4, J-1.5 Hz), 8.41-8.33 (m, 2H, arom. H), 8.20 (dd, IH, H6, J=6-7, 1.5 Hz), 7.74 (d, 1H, H7, 
is J=6.7 Hz), 7.52-7.15 (m, 7H, arom. H), 5.67 (s, 2H, CHa). 

Tfram ple 20 1 

Preparation Of 5 <4-rnuOTobenzyl)-2-ph^ (GPJN-19) 

20 Prepared as described in example 3 from 2-pterryl-l(3)ry-imidazo[4,5-c] P yridme (0.300 g) 
and 4-fluorobenzyl chloride (0.267 g, 1.2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (19 mL); 
colorless crystals; mp: 205^206°C; yield: 56%; 'H NMR (200 MHz, DMSO-d.) 8 9.1 1 (d, IH, 
25 H4, J-1.7 Hz), 8.40-8.33 (m, 2H, arom. H), 8.18 (dd, IH, H6, J=6.8, 1.7 Hz), 7.73 (d, IH, H7, 
J=6.8 Hz), 7.61-737 (m, 5H, arom. H), 730-7.18 (m, 2H, arom. H), 5.64 (s, 2H. CH 2 ). 

Example 21 

Preparation Of 5 -(4-*e/*-Butyl-benzyl)^^ (GPJN-16) 



30 



Prepared as described in example 3 from 2-phenyl-l(3)H-imidazo[4,5-c]pyridme (0.300 g) 
and 4-ter^butyIbenzyl bromide (0.419 g, 1.2 equivalents). 



24 



I0P4071 7: 03? Ju Fj 02V i1 21? 



LVVL XC'OI TQl | u o^ouiu N r . Z I / S H. 32/61 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (23 mL); 
colorless crystals; mp: 213-215°C; yield: 49%; *H NMR (200 MHz, DMSO-de) 8 9.07 (d, 1H, 
H4, J=1.6 Hz), 8.39-833 (m, 2H, arom. H), 8.17 (dd, 1H, H6, J=6.7, 1.6 Hz), 7.71 (d, 1H, H7, 
J=6.7 Hz), 7.53-7.35 (m, 7H, arom. H), 5.61 (s, 2a Ofc), 1.24 ( S> 9H, (CEk) 3 ). 

Example 22 

Preparation Of 5<4-BroTOobeixzyI)-2-phettyl-5H-miidazo[4,5^3pyridinc (GPJN-22) 

Prepared as described in example 3 from 2-phemyM(3)#-irridazo [4,5-c]pyridine (0.300 g) 
and 4-bromobenzyl bromide (0.461 g, 1.2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (26 mL); 
colorless crystals; mp: 212-214°C; yield: 45%; 'H NMR (200 MHz, DMSO-d*) 8 9.09 (br s, 
1H, H4), 8.40-8.33 (ra, 2H, arom. H), 8.17 (dd, 1H»H6, J=6.8, 1.5 Hz), 7.73 (d, 1H, H7, J^6.8 
Hz), 7.64-7.58 (AA'BB % 2H, arom. H), 7.52-7.37 (m, 5H, worn, H), 5.64 (s, 2H, CH 4 ). 

Example23 ' 

Preparation Of 4-(2-I>henyl-5tf-:baM^ (GPJN-23) 

Prepared as described in example 3 from 2-phenyl-l(3)£f-mndazo[4,5-c]pyri(iine (0.300 g) 
and 4-bromomethyl-benzonitrile (0.362 g, 1.2 equivalents). 

Recrystallized twice from a mixture of diisopropyl ether (10 mL) and ethyl acetate (25 mL); 
pale orange crystals; mp: 93°C (degr.); yield: 34%; l H NMR (200 MHz, DMSO-ds) 8 9.10 (d, 
1H, H4, J=1.5 Hz), 8.40-8.33 (m, 2H, arom. H), 8.18 (dd, 1H, H6, J=6.9, 1.5 Hz), 7.91-7.85 
(AA'BB*, 2H, arom. H), 7.75 (d, 1H, H7, >=6.9 Hz), 7.61-7.55 (AA'BB', 2H, atom. H), 7.52- 
7.37 (ra, 3H, arom. H), 5.77 (s, 2H, CH 2 ). 

Example 24 

Preparation Of 5-(4-Trifluoromethyl-bei^l>2-pte (GPJN-24) 

Prepared as described in example 3 from 2-phenyl-l(3)^-imidazo[4,5-c]pyridine (0.300 g) 
and 4-trifluoromethylbenzyl bromide (0.441 g, 1.2 equivalents). 
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Recrystaffized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (20 mL); 
colorless crystals; mp: 230-232°C; yield: 50%; taNMRfcOQ MHz, DMSO-ds) S 9.12 (d, 1H, 
H4, J=1.6 Hz), 8.40-8.33 (m, 2H, arom. H), 8.19 (dd, 1H, H6, JM5.9, 1.6 Hz), 7.81-7.73 (m, 
5 3H, arom. H), 7.65-7.59 (AA'BB', 2H, arom. H), 7.53-7.38 (m, 3H, arom. H), 5.78 (s, 2H, 
CHa). 

Example 25 

Preparation Of 5-(4-CMorobenzyl>2-phenyl-5^^ hydrochloride 
10 (GPJN-9xHCl) 

98 mg of 5-(4-cMoro-benzy^^ (GPJN-9) were dissolved 

in dry dicworomeihane (18 mL) and to this solution was added one equivalent of HC1 (1M in 
diethyl ether). After 2 hours the precipitate was collected by filtration and dried to give 70 % 
15 of me hydrochloride; colorless crystals; mp:147-148°C (degr.). 



F,yn.mp1e 26 

Preparation Of 5<5-CMoro-2-tMenyb*emyl)-2-phen^ (GPJN-25) 

10 Prepared as described in example 3 from. 2-phenyl,l(3)H-iimdazo[4,5-c]pyridine (0.300 g) 
and 2-cUciro-5H5hlororaemyl-<hiophene (0.308 g, 1.2 equivalents). 

Recrystaltized from a mixture of diisopropyl ether (20 mL) and ethyl acetate (50 mL); off- 
white crystals; mp: 215-216°C; yield: 39%; 'H NMR (200 MHz, DMSO-d*) 5 9.07 (d, 1H, 
25 H4, J=L5 Hz), 8.40-8.33 (m, 2H, arom. H), 8.19 (dd, 1H, H6, J=6.8, 1.5 Hz), 7.74 (d, 1H, H7, 
J=6.8 Hz), 7.55-7.37 (m, 3H, arom. H), 7.28 (d, 1H, thiophene-H, J-3.8 Hz), 7.08 (d, 1H, 
tiuophene-H, J=3.8 Hz), 5.81 (s, 2H, CH 2 ). 

Example 27 

30 Preparation Of S^-Kaphmylmemyl^-phenyl-Sif-imidazo^^-clpyridine (GPJN-26) 

Prepared as described in example 3 from 2-pheiiyl-l(3)ff-mtidazo[4,5-c]pyridme (0.300 g) 
and2-bromomethyl-naphthalene (0.408 g, 1.2 equivalents). 
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Recrystallized from a mixture of ethyl acetate (20 mL) and ethanol (8 mL); colorless crystals; 
mp: 26TC; yield: 36%; l HNMR (200 MHz, DMSO-de) 6 9.17 (d, 1H, H4, J=1.7 Hz), 8.40- 
8.33 (m, 2H, arcm H), 8.23 (dd, 1H, H6, J=6.7, 1.7 Hz), 7.99-7.87 (m, 4H, arom. H), 7.74 (d, 
1H, H7, J=6.7 Hz), 7.60-7.37 (m, 6H, arom. H), 5.84 (s, 2H, CHa). 

Example28 

Preparation Of 2-Phenyl-5-(4-phenyl-bu^ (GPJN-27) 

Prepared as described in example 3 from 2-phenyl-l(3)iff-imida2o[4 > 5-c]pyridine (0.300 g) 
^d-l^Moro*4=phenylbutane<03H ^ li2 equivalents). — - 

Recrystallized from a mixture of diisopropyl ether (20 mL) and ethyl acetate (11 mL); 
colorless crystals; mp: 119-120°C; yield: 53%; 'HNMR (200 MHz, DMSO-d*) S 8.95 (d, IH, 
H4, J-U Hz), 8.40-8.33 (m, 2H» arom. H), 8.07 (dd, 1H, H6, J=6.8, 1.4 Hz), 7.70 (d, 1H, H7, 
**6.8 Hz), 7.52-7.37 (m, 3H, arom. H), 7.31-7.10 (m, 5H> arom. H), 4.46 (t, 2H, CH 2 , J=7.1 
Hz), 2.62 (t, 2H, CH 2 , J=7.6 Hz), 2.00-1.85 (m, 2H, CH 2 ), 1.63-1.46 (m, 2H, CHz). 

Example 29 

Preparation Of 5-(3-Methyl-but-2-enyl)-2-ph«^^ (GPJN-28) 

Prepared as described in example 3 from 2i>henyl-l(3)i/-imidazo[4,5-c]pyridine (0.300 g) 
and 4-bromo-2-mefhylbut-2-ene (0.275 g, 1.2 equivaJents). 

Recrystallized from a mixture of diisopropyl ether (20 mL) and ethyl acetate (11 mL); off- 
white crystals; mp: 162-1 63°C; yield: 58%; 'H NMR (200 MHz, DMSO-d«) 8 8.86 (d, 1H, 
H4, J-1.7 Hz), 8.40-8.33 (m, 2H, arom. H), 7.99 (dd, 1H, H6, J=6.8, 1.7 Hz), 7.71 (d, 1H, H7, 
J=6.8 Hz), 7.52-7.37 (m, 3H, arom. H), 5.57-5.47 (m, 1H, =CH), 5.06 (br d, 2H, Ofc, J=7.4 
Hz), 1 .86 (br s, 3H, CH 3 ), 1 .77 (br s, 3H, CH 3 ). 

Example 30 

Preparation Of 5-Emyl-2-phenyl-5^-imida20[4,5-clpyridine (GPJN-29) 
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Prepared as described in example 3 from 2-pte^l-l(3W-iniidazo[4,5-c]pyridine (0.300 g) 
and ethyl iodide (0.288 g, 1.2 equivalents). 

Crystallized from a mixture of diisopropyl ether (5 mL) and ethyl acetate (12 mL); colorless 
crystals; mp: 1S8°C; yield: 22%; »H NMR (200 MHz, DMSO-d«) S 8.96 (d, IH, H4, J-1.6 
Hz), 8.40-833 (in, 2H, arom. H), 8.09 (dd, IH, H6, J-6.8, 1.6 Hz), 7.71 (d, IH, H7, J=6.8 
H« X 7 52J36 (m. 3H atom. H). 4.47 «L 2H, CH* J°7.3 Hz), 1.S2 (t, 3H, CH 3 , J^.3 Hz). 

Exa^gle_31 

10 Preparation Of 5<2-(Diisopropylamino)ethyl^^ <V™- 
30) 

Prepared as described in example 3 from (0-300 g), 

and 2-(diisopropylainino)ethyl chloride hydrochloride (0,369 g, 1.2 equivalents). 
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Reciystallized from a mixture of diisopropyl ether (20 mL) and ethyl acetate (10 mL); 
colorless crystals; mp:' 151-152'C; yield: 57%; 5 H NMR (200 MHz, PMSO-d*) 8 8.80 (d, IH, 
H4, J-l.5 Hz), 8.39-8.33 (m, 2H, arom H), 7.99 (dd, IH, H6, J=6.8, 1.5 Hz), 7.67 (d, IH, H7, 
J=6.8 Hz), 7.51-7.36 (m, 3H, arom. H), 4.36 (t, 2H, CH„ J=5.4 Hz), 3.04-2.84 (m, 4H r 2 x CH 
20 and CHa), 0/78 (d, 12H, 4 x CH 3 , J=6.6 Hz). 

Example 32 

Preparation Of 5<4-Pyridylmethyl)-2-ph^ 

25 Prepared as described in example 3 from 2-phenyi-l(3)^-irmd^o[4,5-c]pyridine (0.300 g), 
and 4^bJoromefryl-pyridinebydrochloride (0.303 g, 1.2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (20 mL) and ethyl acetate (15 mL); 
colorless crystals (hygroscopic); yield: 25%; *H NMR (200 MHz, DMSO-ds) 5 9.09 (d, IH, 
30 H4, J=1.6 Hz), 8.60-8.57 (m, 2H, pyridine-H2/6), 8.40-8,33 (m, 2H, arom H), 8.17 (dd, IH, 
H6, J=6.8, 1.6 Hz), 7.67 (d, IH, H7, J=6.8 Hz), 7.52-7.37 (m, 3H, arom H), 7.31-7.28 (m, 
2H, pyridine-H3/5), 5.74 (s, 2H, CH 2 ). 
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Example 33 



Preparation Of S-C2-Pvridyhnemyl)-2-phenyl-5£r^^ (GPJN-34) 

Prepared as described in example 3 from 2i?henyl-l(3)ff-iiiriolazo[4 > 5^]p>rridiiie (0.300 g), 
5 and 2-chloTomethyl-pyridine hydrochloride (0.303 g, 1-2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (20 mL) and ethyl acetate (17 mL); 
colorless crystals; mp: 102-103°C; yield; 44%; *H NMR(200 MHz, DMSO-tk) 8 9,02 (d, 1H, 
H4, J=1.4 Hz), 8.53 (ddd, 1H, pyridine-H6, J=4,7, 1.7, 0.8 Hz), 8.40-8.33 (m, 2H, arom. H), 
10 8.13 (dd, 1H, H6, J=6.8, 1.4 Hz), 7.90-7.82 (m, 1H, pyridme-H4), 7.72 (d, 1H, H7, J=6.8 Hz), 
7.52-7.33 (m, 5H, arom. H), 5.79 (s, 2H, CH 2 ). 

Example 34 

Preparation Of 5-(3-Pyridylmerayl)-2-phenyl-5^^ (GPJN-35) 

15 

Prepared as described in example 3 from 2-phenyl-l(3)//-iinidazo[4,5-c]pyridine (0.300 g), 
and 3-chloromethyl-pyridine hydrochloride (0.303 g, 1.2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (20 mL) and ethyl acetate (41 mL); off- 
20 white crystals; mp: 53°C (degr.); yield: 46%; l H NMR (200 MHz, DMSO-d e ) 6 9-14 (d, 1H, 
H4, J=1.6 Hz), 8.76 (br d, 1H, pyridine-H2), 8.57 (dd. 1H, pyridine-H6, J=4.8, 1.6 Hz), 8.40- 
8.33 (m, 2H, arom. H), 8.22 (dd, 1H, H6, J=6.8, 1.6 Hz), , 7.90-7.84 (m, 1H, pyridine-H4), 
7.74 (d, 1H, H7, J=6.8 Hz), 7.52-7.38 (m, 45H, arom. H), 5.71 (s, 2H, CH 2 ). 

25 Example 35 

Preparation Of 2-Phenyl-5-(4-phenyl-bei^l)-S^imidazo[4^-c]pyridine (GPJN-32) 

Prepared as described in example 3 from 2-phenyl-l(3)ff-imidazo[4,5-c]pyridine (0.300 g) 
and 4-chloromethyl-biphenyl (0.374 g, 1,2 equivalents). 



Recrystallized from a mixture of ethyl acetate (50 mL) and ethanol (1.5 mL); colorless 
crystals; mp: 247-248°C; yield: 65%; *H NMR (200 MHz, PMSO-d,) S 9.14 (d, 1H, H4, 
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J=1.4 Hz), 8.40-833 (m, 2H. arom. H), 8.22 (dd, 1H, H6, J=6.8, 1.4 Hz), 7.75 (d, 1H, H7, 
j=6.8 Hz), 7.72-7.30 (m, 12H» arom. H), 5.71 (s, 2H, CH 2 ). 

Example 36 
5 Prep8rationOf(R/S)-2-P^^^ 

P^r^ flS described in example 3 from 2^henyl-l(3)g-iimda Z o[4 > 5^pyridm e (0.300 g) 
and <R/SH-phenylethyl bromide (0341 g, 1.2 equivalents). 

10 Recrystallized from a mixture of diisopropyl elher (20 mL) and ethyl acetate (40 ml* 
colorless crystals; mp: 190-192°C; yield: 57%; »H NMR (200 MHz, DMSO-d«) 8 9.13 (d, 1H, 
H4, J=1.6 Hz), 8.39-8.33 (m, 2H, arom. H), 8.19 (dd, 1H, H6, J-6.7, 1.6 Hz), 7.70 (d, 1H, H7, 
1=6.7 Hz), 7.53-7.31 (m, 8H, arom. H), 6.01 (q, 1H, CH, J-7.0 Hz), 2.04 (d, 3H, CH,, J=-7.0 
Hz). 

15 

Example 37 

Preparation Of 5-(l-Naphtny!^^ (GPJN-36) 

Prepared as described in example 3 from 2-phenyl-l(3W-imi^zo[4 J 5-o]pyridme (0300 g) 
20 and l-chlorometoyl-naph<halene (0.326 g, U equivalents). 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (45 mL); 
colorless crystals; mp: 191*C; yield: 73%; l U NMR (200 MHz, DMSO-d*) 8 9.08 (d, 1H, H4, 
J=1.5 Hz), 8.39-8.33 (m, 2H, arom. H), 8.23-8.15 (m, 2H, arom. H), 7.75 (d, 1H, H7, J=6.8 
2S Hz), 7.68-7.37 (m, 6H, arom. H), 7.25 (br d, 1H, arom. H, J-6.6 Hz), 6.22 (s, 2H, CH,). 

Exam ple 38 

Preparation Of S-(Cyclohe X ylm<Ayl)-2-pte^ (GPJN-37) 

30 Prepared as described m example 3 from 2-phenyl-l(3W-irmdazo[4,5-c]pyridine (0.300 g) 
and cyclohexylmethyl bromide (0.327 g, 1.2 equivalents) with heating at 80"C. 
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Recrystallized from a mixture of diisopropyl ether (20 raL) and ethyl acetate (14 mL); 
colorless crystals; mp: 188-189°C; yield: 36%; *H NMR (200 MHz, DMSO-d$) 8 8.89 (d, 1H, 
H4, J=1.5 Hz), 8.39-8.33 (m, 2H, arom. H), 8.03 (dd, 1H, H6, J=6.6, 1.5 Hz), 7.69 (d, 1H, H7, 
3=6.6 Hz), 7.52-737 (m, 3H, arom. H), 4.28 (d, 2H, CH* J=7.4 Hz), 2.02-0.92 (m, 11H, 
5 cyclohexyl H). 

Example 39 

Preparation Of 5<3-Memyl-l-butyl)-2-phenyl-5i7-iim<3azor4^-c]pyridine (GPJN-38) 

10 Prepared as described in example 3 from 2-pheoyl-l(3)//-imidszo[4,5-c]i>yridjbD9 (0,300 g) 
and 1 -bromo-3 -methylbutane (0.279 g, 1.2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (20 mL) and ethyl acetate (17 mL); 
colorless crystals; mp: 207°C; yield: 37%; 'H NMR (200 MHz. DMSO-ds) 5 8,96 (d, 1H. H4, 
IS J=L5 Hz), 8.40-8.34 (m, 2H, arom. H). 8.09 (dd, 1H, H6, J=6.8, 1.5 Hz), 7.70 (d, 1H, H7, 
J=6.8 Hz), 7.52-7.37 (m, 3H, arom. H), 4.45 (t, 2H, CH 2 , J=7,4 Hz), 1.87-1.75 (ra, 2H, CHa), 
1.53 (hept, 1^0^1^6.6 Hz), 0.94 (d,6H, (CH 3 )2). : . 

Example 40 

20 Preparation Of 5-(4-Fraorobenzyl)^2-(2,6-dffluorop^ (GPJN- 
39) 

1 

Prepared as described in example 3 from 2-(2,6-diflnorophenyl>l(3)Ar-imidazo[4,5- 
e]pyridine (0.300 g) and 4-fluorobenzyl chloride (0.225 g, 1.2 equivalents). 

25 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (10 mL); off- 
white crystals; mp: 104-105°C; yield: 48%; X H NMR (200 MHz, DMSO-d*) 8 9.26 (d, 1H, 
H4, J=1.4 Hz), 8.26 (dd, 1H, H6, J=6.8, 1.4 Hz), 7.81 (d, 1H, H7, J=6.8 Hz), 7.61-7.45 (m, 
3H, arom. H), 7.30-7.13 (m, 4H, arom. H), 5.69 (s, 2H, CHa). 

30 

Example 41 

Preparation Of 5-(2,4-Muorobenzyl)-2-C2,6^fluorophenyI)-5iy-iim 
(GPJN-40) 

31 
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Prepared as described in example 3 from 2-(2 } 6-(iifluoropli e n5d)-l(3)ff-imida Z o[4,S- 
e]pyridine (0.300 g) and 2,4-dffluorobenzyl bromide (0.322 g, 1.2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (8 mL); off- 
white crystals; mp: 186-188°C; yield: 29%; *H NMR (200 MHz, DMS&d*) 8 9.16 (or s, 1H, 
«4) t * 18 (Ad, 1H T H6. J-6.8. 1.3 Hz), 7.82 (d, 1H, H7, J=6.8 Hz), 7.64-7.11 (m, 6K, atom. 
H),5.78(s,2H,CH2). 

10 Examole42 

Preparation Of 2-(2 i 6-Difiuorophenyl)- 5-(2,4,6-trifluoroben^l)-52Wm 
(GPJN-41) 

Prepared as described in example 3 from 2^2,6-difluorophenyl)-K3)H-imidazo[4,5- 
15 c]pyridine (0.200 g) and 2 > 4,6-trifluoroben5jyl bromide (0.234 g, 1 .2 equivalents). 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (8 mL); off- 
white crystals; mp: 186-187*C; yield: 26%; 'H NMR (200 MHz, PMSO-d*) 8 9.06 (br s, 1H. 
H4), 8.08 (dd, 1H, H6, J-6.8, 1.6 Hz), 7.81 (d, 1H, H7. J=6.8 Hz), 7-61-7.46 (m, 1H, H4<), 
20 7.42-7.13 (m, 4H, H3V573"/5"), 5.82 (s, 2H, CH 2 ). 

Example 43 

Preparation Of 5-(4-Bromobenzyl)-2-ethyl-5/f-uradazo[4.5-c3pyridine (GPJN-48) 

25 A mixture of the 3,4-diammopyridine (1.00 g), propionic acid (1 equivalent) and 
polyphosphoric acid (25 g) was heated at 150«C for 1 h and then at 190°C for 2 h with 
stirring. Then the mixture was cooled to ambient temperature and poured into ice/water. The 
resulting mixture was made alkaline by addition of 2N NaOH and extracted with erayl acetate 
(100 mL) six times. The combined organic phases were dried (Na*SCU) and evaporated to 

30 give the crude product, which was recrystallized from ethyl acetate (100 mL) to give 56% of 
2-emyl-l(3)H-imid^o[4,5-c]pyridine as a white powder. 

2-Ethyl-l(3)H-iimto (0.245 g) was dissolved in dry DMF (6 mL) and the 

resulting solution was cooled to OX. Aqueous 33% sodium hydroxide (1.5 equivalents) was 
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added and the mixture was stirred for 15 min. Then 4-bromobenzyl bromide (1 .2 equivalents) 
was added portionwise and the resulting mixture was stirred for 24 h at room temperature. 
Finally, water (50 raL) was added, the precipitate was collected by filtration and dried to give 
the crude product mixture. 

5 "~ " — 

Recrystallized from a mixture of diisopropyl ether (10 mL) and ethyl acetate (6 mL); ofif- 
wbite crystals; mp: 149-15 1°C (degr.); yield: 47%; l H NMR (200 MHz. DMSO-de) 5 8.89 (d, 
1H, H4, J=1.5 Hz), 8.09 (dd, 1H, H6, J=6.8, 1.5 Hz), 7.62-7.54 (m, 3H, arom. H), 7.39-7.32 
(AA'BB*, 2H, arom. H), 5.60 (s, 2H, CH a ), 2.84 (q, 2H, GHz, J-7.S Hz), 1.30 (t, 3H, CH 3 , 
10 J=7.5 Hz). 

Example 44 

Preparation Of 5-(4-Bromoberizyl)-2-(2-cMorophenyl>^ (GPJN-54) 

15 A mixture of the 3 ,4-dia2minopyridine (1.00 g), 2-*hlorobenzoic acid (1 equivalent) and 
polyphosphoric acid (25 g) was heated at 190°C for 3 h with stirring. Then the mixture was 
cooled to ambient temperature and poured -into ice/water. The resulting mixture was made 
alkaline by addition of 2N NaOH and the resulting precipitate was collected by filtration and 
dried. The crude product was recrystallized from a mixture of water (100 mL) and ethanol (17 

20 mL) to give 67% of 2-(2-cMorophenyl)-l(3)^-mtidazo[4^-c]pvridine as an off-white 
powder. 

2-(2-CMorophettyD-i(3}E^^ (0.383 g) was dissolved in dry DMF (10 

mL) and me resulting solution was cooled to O'C. Aqueous 33% sodium hydroxide (1.5 
25 equivalents) was added and the mixture was stirred for 15 min. Then 4-bromobenzyl bromide 
(1 2 equivalents) was added portionwise and the resulting mixture was stirred for 24 h at room 
temperature. Finally, water (80 mL) was added, the precipitate was collected by filtration and 
dried to give the crude product. 

30 Recrystallized from a mixture of diisopropyl ether (20 mL) and ethyl acetate (25 mL); pale 
orange powder; mp: 190-192°C; yield: 33%; 'H NMR (200 MHz, DMSO-d«) 5 9.21 (d, 1H> 
H4, J=1.6 Hz), 8.22 (dd, 1H, H6, J=6.8, 1.6 Hz), 8.09-8.02 (m, 1H, arom. H), 7.80 (d, 1H, H7, 
J=6.8 Hz), 7.65-7.51 (m, 3H, arom. H), 7.46-7.38 (m, 4H, arom. H), 5.67 (s, 2H, CH2). 
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Preparation Of 5*4-Bnrawbema^^^ (GPJN-55) 

A mixture of the 3,4-diaminopyridaM (1.00 g), 3-chlorobenzoic acid (1 equivalent) and 
5 polyphosphoric acid (25 g) was heated at 1 90°C for 3 h with stirring. Then the mixture was 
cooled to ambient temperature and poured into ice/water. The resulting mixture was made 
a1 ^W hv addition of 2N NaOH and the resulting precipitate was collected by filtration and 
dried. The crude product was recrystallized from a mixture of water (100 mL) and ethanol— 
(180 mL) to give 63% of 2-(3s=morophenyl>l(3^^ as a white 

10 powder. 

2^3-Chlorophe!^ C 0 - 383 S> ™* di8Solved * DMF (1 ° 

mL) and the resulting solution was cooled to tfC. Aqueous 33% sodium hydroxide (1.5 
equivalents) was added and the mixture was stirred for 15 win- Then 4-bromobenzyl bromide 
15 (U equivalents) was added portionwise and the resulting mixture was stirred for 24 h at room 
temperature. Finally, water (80 mL) was added, the precipitate was collected by filtration and 
dried to give me crude product 

Recrystallized from a mixture of difeopropyl ether (20 mL) and ethyl acetate (45 mL); 
20 colorless powder; mp: 155^157°C; yield: 42%; l H NMR (200 MHz, DMSO-de) 5 9.16 (d, 1M, 
H4, J-1.S Hz), 8.35-8.28 (m, 2H, arom. H)> 8.20 (dd, 1H, H6, J=6.9, 1.5 Hz), 7.80 (d, 1H, H7, 
J=6.9 Hz), 7.64-738 (m, 6H, arom. H), 5.66 (s, 2H, CHz). 

Exam ple 46 

25 Preparation Of 5<4-Bromobenzyl>2-(4-chloropte (GPJN-56) 

A mixture of me 3,4^iiainmopyridine (1.00 g), 4^hlorobenzoic acid (1 equivalent) and 
polyphosphoric acid (25 g) was heated at 190*C for 3 h with stirring. Then the mixture was 
cooled to ambient temperature and poured into ice/water. The resulting mixture was made 
30 alkaline by addition of 2N NaOH and the resulting precipitate was collected by filtration and 
dried. The crude product was recrystallized from a mixture of water (100 mL) and ethanol 
(110 mL) to give 47% of 2K4-cblomphenyl)-l(3)H-ittndazo[4,5-clpyridine as a colorless 

powder. 
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2^4-CMorophenyl)-l(3)ff-imid^ (0383 g) was dissolved in dry DMF (10 

mL) and the resulting solution was cooled to OX. Aqueous 33% sodium hydroxide (1.5 
equivalents) was added and the mixture was stirred for 15 min. Then 4-bromobenzyl bromide 
(1,2 equivalents) was added portionwise and the resulting mixture was stirred for 24 h at room 
temperature* Finally, water (80 mL) was added, die precipitate was collected by filtration and 
dried to give the crude product 



Recrystallized from a mixture of diisopropyl ether (20 mL) and ethyl acetate (25 mL); off- 
white powder; mp; 214-215°C; yield: 67%; ! JB NMR (200 MHz, DMSOd*) 8 9,13 (d, 1H, 
10 H4, J-1.6 Hz), 8-39-8.32 (AA*BB\ 2H, aiom. H), 8.18 (dd, 1H, H6, J«6.9, 1.6 Hz), 7,64-7.58 
' (AA*BB\ 2H f aronL H)* 7-56-7;49 (AA'BB*, 2H, arom* H), 7.44-7.38 (AA'BB\ 2H, arom. 
H),5.65(s,2H ? CH 2 ). 

Example 47 

15 Preparation Of 5^4-Bromoben2yl>2-(2-pyridy^ (GPJN-58) 

A mixture of the 3,4-diaminopyridine (1.00 g), picolinic acid (1 equivalent) and 
polyphosphoric acid (25 g) was heated at 190°C for 3 h with staring- Then tibia mixture was 
cooled to ambient temperature and poured into ice/water. The resulting mixture was made 
20 alkaline by addition of solid NaOH and the resulting precipitate was collected by filtration 
and dried. The crude product was recrystallized from a mixture of water (50 mL) and ethanol 
(7 mL) to give 55% of 2H£-pyridyl)-l(3)iT-imidaz^ as an off-white powder. 

2-(2-Pyridyl>l(3)^-imidazo[4^-c]pyridine (0.327 g) was dissolved in dry DMF (10 mL) and 
35 the resulting solution was cooled to 0°C, Aqueous 33% sodium hydroxide (1.5 equivalents) 
was added and the mixture was stirred for 15 min. Then 4-bromobenzyl bromide (L2 
equivalents) was added portionwise and the resulting mixture was stirred for 24 h at room 
temperature. Finally, water (80 mL) was added, the precipitate was collected by filtration and 
dried to give the etude product 

30 

Recrystallized from a mixture of ethyl acetate (75 mL) and etbanol (10 mL); pale brown 
crystals; mp: 256-258°C; yield: 43%; ! H NMR (200 MHz, DMSO-d*) 8 9.21 (d, 1H, H4, 
J=L4 Hz), 8.68 (ddd, 1H, pyridine-H6), 8.40 (ddd, 1H, pyridine-H), 8-20 (dd, 1H, H6, J=6.8, 
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1.4 Hz), 7.89 (dud, H, pyridine-H), 7.79 (d, 1H, H7, J=6.8 Hz), 7.65-7.58 (AA'BB'» 2H, 
arom. H), 7.45-7.37 (m> 3H, aronL H), 5.68 (s, 2H, CH 2 ). 



Example 48 

5 Preparation Of 5<4-Btomobenzyl)-2-(3-pyridyl>5H-iniidazoE4^H:}pyridine (GPJN-57) 

A mixture of the 3,4-diammopyiidins (1.00 g), motoric acid (1 equivalent) and 
polyphosphoric acid (25 g) was heated at 190°C for 3 h with stirring. Then the mixture was 
cooled to ambient temperature and poured into ice/water. The resulting mixture was made 
10 alkaline by addition of solid NaOH and the resulting solution was evaporated. The residue 
was extracted twice with ethyl acetate (2 x 200 raL) and me combined organic phases were 
dried (Na 2 SO*) and evaporated. The crude product, thus obtained, was recrystaffized from a 
mixture of ethyl acetate (50 mL) and ethanol (13 mL) to give 34% of 2-(3-pyridyl>l(3)ff- 
imidazo[4 f 5^]pyridine as an off-white powder. 

15 

2-(3-Pyridyl>l(3)H'-imidazoC4,5-c]pyridine (0.327 g) was dissolved in dry DMF (10 mL) and 
me resulting solution was cooled to 0*C. Aqueous 33% sodium hydroxide (1.5 equivalents) 
was added and the mixture was stirred for 15 min. Then, 4-bromobenzyl bromide (1.2 
equivalents) was added portionwise and the resulting mixture was stirred for 24 h at room 
20 temperature. Finally, water (80 mL) was added, the precipitate was collected by filtration and 
dried to give the crude product 

Recrystallized from a mixture of diisopropyl ether (10 mL), ethyl acetate (75 mL) and ethanol 
(20 mL); pale ycUow powder, mp: 270-272'Q yield: 40%; l H NMR (200 MHz, DMSO-d,) 8 
23 9.49 (m, 1H, pyridine-H2), 9.18 (d, 1H, H4, J-1.S Hz), 8.65-8.60 (m, 2H, arom. H), 8.21 (dd, 
1H, H6, J=6.8, 1.5 Hz), 7.79 (d, 1H, H7, J=6.8 Hz), 7.65-7.58 (AA'BB\ 2H. arom. H), 7.54^ 
7.38 (nt, 3H, arom. H), 5.66 (s, 2H, CH 2 ). 



Example 49 

30 Preparation Of 5<4-Bromobenzyl>2-(4-pyridyl)^ (GPJN-49) 

A mixture of the 3,4-diaminopyridine (1.00 g), isonicotinic acid (1 equivalent) and 
polyphosphoric acid (25 g) was heated at 190°C for 3 h with stirring. Then the mixture was 
cooled to ambient temperature and poured into ice/water. The resulting mixture was made 
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alkaline by addition of solid NaOH and the resulting precipitate was collected by filtration 
and dried. The crude product was recrystallized from water (55 mL) to give 84% of 2-(4- 
pyridyl)-l(3)fl"-imida2X)[4 5 5K;]pyridine as a pale orange powder. 

5 2^4-PyridyI>l(3)ff-iinida2o[4,5^]pyridine (0.327 g) was dissolved ia dry DMF (1 1 miL) and 
the resulting solution was cooled to 0°C. Aqueous 33% sodium hydroxide (1.5 equivalents) 
was added and the mixture was stirred for 15 mrn. Thai 4-bromobenzyl bromide (1.2 
equivalents) was added portionwise and the resulting mixture was stirred for 24 h at reran 
temperature. Finally, water (80 mL) was added, the precipitate was collected by filtration and 

10 dried to give the crude product. 

Recrystallized from a mixture of diisopxopyi ether (10 raL) and ethyl acetate (75 mL); pale 
brown powder; mp: 190-194°C (degr.); yield: 40%; l H NMR (200 MHz, DMSO-de) S 9-25 
(d, 1H, H4, J=1.4 Hz), 8.70-8.67 (m, 2H, pyridras-H2/6), 8*25-8*20 (m> 3H, arom. H), 7.83 (d, 
15 1H, K7, J=6.8 Hz), 7.64-7.58 (AA'BB\ 2H, arom, H), 7.45-7,39 (AA'EB\ 2H> arom. H), 
5.68(s,2H,CBfe). 

Example 50 

Preparation Of 5-(4-Bromoben;^l)-2-(2-^ (GPJN-53) 



A mixture of the 3,4-diaiiTinopyridine (1.00 g)> thiophene-2-carboxylic acid (1 equivalent) and 
polyphosphoric acid (25 g) was heated at 190°C for 3 h with stirring* Then the mixture was 
cooled to ambient temperature and poured into ice/water. The resulting mixture was 
neutralized by addition of solid NaOH and the resulting precipitate was collected by filtration 
25 and dried. The crude product was recrystallized from a mixture of water (50 mL) and ethanol 
(25 ml) to give 30% of 2-(2-thienyl)-l(3)H-imidazo[4,5-c]pyridine as pale yellow crystals. 

2-(2-ThienylH(3)ff-^ (0.335 g) was dissolved in dry DMF (10 mL) and 

the resulting solution was cooled to 0°C. Aqueous 33% sodium hydroxide (1.5 equivalents) 
30 was added and the mixture was stirred for 15 min. Then 4-broraobenzyi bromide (1.2 
equivalents) was added portionwise and the resulting mixture was stirred for 24 h at room 
temperature. Finally, water (80 mL) was added* the precipitate was collected by filtration and 
dried to give the crude product 



20 
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Recrystallized from ethyl acetate (70 mL); pale yellow powder; mp: 230~23l°C; yield: 24%; 
! H NMR (200 MHz, DMSO-dj) 8 9.01 (d, 1H, H4, J=1.5 Hz), 8.16 (dd, IH, H6, J=6.8, 1.5 
Hz), 7.81 (dd, IH, fhicrphene-H, J=3.6, 1.4 Hz), 7.67 (d, IH, H7, J=6.8 Hz), 7.64-7.57 (m, 3H, 
arom. H), 7.43-7.37 (AA'BB% 2H, arom. H), S.63 (s, 2H, CH 2 ). 



Example SI 

Preparation Of 2-Benzyl-5-(4-bromobCT^l)-5ff-imtt (OPJN-67) 

A mixture of the 3,4-diaminopyridine (1.00 g), phenylacetic acid (1 equivalent) and 
10 polyphosphoric acid (25 g) was heated at 120°C for 1 h and then at 150*C for 12 h with 
stirring. Then the mixture was cooled to ambient temperature and poured into ice/water. The 
resulting mixture was made alkaline by addition of solid NaOH and the resulting precipitate 
was collected by filtration and dried. The crude product was recrystallized from a mixture of 
diisopropyl ether (20 mL) and ethyl acetate (76 mL) to give 57% of 2-benzyl-l(3)ff- 
15 imidazo[4,5-c]pyridine as a colorless powder. 

2-Benzyl-l(3)H-imidazo[4,5-c]pyridine (0.500 g) was dissolved in dry DMJP (5 mL) and the 
resulting solution was cooled to 0°C. Aqueous 33% sodium hydroxide (1.5 equivalents) was 
added and the mixture was stirred for 15 min. Then 4-bromobenzyl bromide (1.2 equivalents) 
20 was added portionwise and the resulting mixture was stirred for 24 h at room temperature. 
Finally, water (80 mL) was added, the precipitate was collected by filtration and dried to give 
the crude product. 



Recrystallized from a mixture of ethyl acetate (50 mL) and ethanol (6.5 mL); pale yellow 
25 powder; mp: 232-233°C; yield: 46%; ! H NMR (200 MHz, DMSOd*) 6 8.94 (d, 1H, H4, 
J-L4 Hz), 8.10 (dd, IH, H6, J=6.8 r 1.4 Hz), 7.61-7.39 (m, 3H, arom. H), 7.38-7.10 (m, 7H, 
arom. H), 5.65 (s, 2H, 5-CH 2 ), 4.17 (s, 2H, 2-CHa). 

Example 52 

30 Preparation Of 5-(4-Bromobenzyl>-2^1-naphmtf (GPJN-62) 

A mixture of the 3,4-diammopyridine (1.00 g), 1-naphthoic acid (1 equivalent) and 
polyphosphoric acid (25 g) was heated at 190°C for 3 hours with stirring. Then the mixture 
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was cooled to ambient temperature and poured into ice/water. The resulting mixture was 
made alkaline by addition of solid NaOH and the resulting precipitate was collected by 
filtration and dried. The crude product was recrystallized from a mixture of water ( 1 00 mL) 
and elhanol (130 mL) to give 47% of 2Kl-naphmyO"l(3)ff-imid^[4 > 5-c]pyridine as an off- 
5 Ivhite powder. 

^l-NaphmylVUS^-iinidazo^S-clpyridine (0.409 g) was dissolved in dry DMF (10 mL) 
and the resulting solution was cooled to <fC. Aqueous 33% sodium hydroxide (1.5 
equivalents) was added and the mixture was stirred for 15 min, Then 4-bromobenzyl bromide 
10 (1 .2 equivalents) was added portionwise and the resulting mixture was stirred for 24 h at room 
temperature. Finally, water (80 mL) was added, me precipitate was collected by filtration and 
dried to give the crude product. 

Recrystallized from a mixture of diisopropyl ether (10 mL), ethyl acetate (50 mL) and ethanol 
is (5 mL); pale yellow powder; mp: 210-213'C (degr.); yield: 22%; 'H NMR (200 MHz. 
DMSO-ds) 5 9.73 (m, 1H, arom. H), 9.22 (d, 1H. H4, J=L6 Hz). 8.52 (dd, 1H. «m H, 
J=7;2, .1.4 Hz), 8.23 (dd, 1H, Htf, J=6.8, 1.6 Hz), 8.03-7.95 (ra, 2H, arom. H), 7.83 (d, 1H, H7, 
J«6.S Hz), 7.65-7.41 (m, 7H, arom. H), 5.68 (s, 2H, CH 2 ). 

20 Example 53 

Preparation <X5<4-Bromobenzyl>2<2-napht^^ (GPJN-63) 

A mixture of the 3,4-diaminopyridme (1.00 g), 2-naphthoic acid (1 equivalent) and 
polyphosphoric acid (25 g) was heated at 190°C for 3 hours with stirring. Then the rnixture 
25 was cooled to ambient temperature and poured into ice/water. The resulting mixture was 
made alkaline by addition of solid NaOH and the resulting precipitate was collected by 
ffltration and dried. The crude product was recrystallized from a mixture of water (100 mL) 
and ethanol (400 mL) to give 28% of 2K2-naphmyl)4(3)ff-nmdazo[4,5H 3 ]pyridme as an off- 
white powder. 



30 



2-(2-Naphmyl)-l(3)H-imidazo[4,5-c]pyridine (0.409 g) was dissolved in dry DMF (10 mL) 
and the resulting solution was cooled to 0°C. Aqueous 33% sodium hydroxide (1.5 
equivalents) was added and the mixture was stirred for 15 rain. Then 4-bxomobenzyl bromide 
(1.2 equivalents) was added portionwise and tire resulting mixture was stirred for 24 h at room 
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temperature. Finally, water (80 mL) was added, the precipitate was collected by filtration and 
dried to give the crude product 

Recrystallized from a mixture of diisopropyl ether (20 mL) and ethyl acetate (60 mL); pale 



(d, 1H, H4, 3=1 A Hz), 8.93 (br s, 1H, atom. H), 8.51 (dd, 1H, atom. H, J=8.6, 1.6 Hz), 8.19 

(dd, 1H, H6, J=6 . 7 , 1 . 4 H z ) , 8.10-7. 9 0 (m, 3H, arcm^H), 7.76^,-1^^7, J=6,7 Hz) > ~7,6S- 

7.50 (m, 4H, arom. H), 7.52-7.39 (AA'BB% 2H, arom. H), 5.67 (s, 2H, CH 2 ). 

10 

PARTB 



Example S4 

15 Anti-BVDV (strain PE51 5) activity in MDBK cells 



Compound 


example 


EC W (ug/ml) 


CCeo (pg/ml) 


SI 


GPJN-1 


4 


0.240 


. > 83.3 


>345 


GPJN-2 


7 


>100 


>100 


1 


QPJN-3 


5 1 


0.060 


80 


1003 


QPJN-4 


fi 


0.040 


46 


1144 


GPJN-7 


9 


0.042 


22 


525 


GPJN-8 


10 


0.086 


61 


592 


GPJN-9 


11 


0.049 






GPJN-9 xHCI 


25 


0.016 






GPJN-1 1 


12 


0.032 


36 


1J35 


GPJN-12 


13 


0.059 


58 


949 


GPJN-13 


14 


0.043 


45 


10S8 


GPJN-14 


8 


0.070 


40 


573 


GPJN-1 S 


17 


0.009 


29 


3079 


GPJN-16 


21 


0.246 


8,1 


33 


GPJN-1 7 


18 


0.097 


50 


517 


GPJN-1 8 


19 


0.019 


55 


2933 


GPJN-19 


20 


0.013 


40 


3012 


GPJN-20 


15 


0.1 65 


28 


169 


GPJN-21 


16 


0.022 


22 


1020 


GPJN-22 


22 


0.029 


13 


450 


GPJN-23 


23 


0.014 


46 


3230 


GPJN-24 


24 


0.040 


21 


519 



5 orange powder, mp: 133^138°C (degr.); yield: 52%; 'H NMR (200 MHz, DMSO-de) S 9.13 
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PJN-25 


26 


0.009 


36 


4138 


G 


PJN-26 


27 


0041 


>100 


>2439 


G 


PJN-27 


28 


0.945 


>46 


>48 


G 


IPJN-28 


29 


0.325 


>75 


>230 




iPJN-29 


30 • 


5.330 


>100 


>18 


c 


P 1 VI ^ WW 


31 


1.130 


>50 


>44 


r 




32 


0.455 


»100 


>222 


r 

V 


3PJN-32 


35 


0.027 


20 


741 




3 1 \Ji M^*Jw 


36 


0.200 


Tn 
/O 


oou 


f 


□ l W|H~W*T 


33 


0.B65 


>100 


>116 


( 




34 


0.365 


MOO 


>273 


f 


3PJN-36 


37 


0.019 


24 


1297 




*3P - _ 


3B - 


-0.161- 


-22 


137 


— 














39 


0.235 


50 


213 






40 


0.245 


>100 


>408 




IM-40 


41 


0.250 


>100 


>400 




ftPJN-41 


42 


0.560 


>100 


>172 




ftt» J]\l-48 


43 


0.351 


' >100 '•' 


>285 






49 


0.180 


62 


344 




f3P.IM-5Q 

Olvlr vv 




0.021 


>100 


4760 




GPJN-53 


50 


0.033 


66 


2028 






44 


0.100 


35 


349 




GPJN-55 

WJI ill 1 WW 


45 


0.060 


>100 


>1666 




GPJN-56 


46 


2.205 


>100 


>45 






48 


2.005 


>100 


>50 






47 


0.052 


8,1 


156 




Wit ww 




0.015 


>77 


5133 






52 


0.120 


9,4 


78 




HP IN-63 

kjl villi Uw 


53 


0.0042 


4.3 


1023 




GPJIM-S4. 

wrJi'i"w*r 




0.026 


>100 


3846 




wrvli ww 




0.01 


>100 


10.000 




GPJN-67 

Wl VIN'U 1 


51 


>100 


>100 


>100 




GPJN-68 

wrwli ww 




0.026 


17 


653 




(5PJN-73 




0.017 


>100 


6882 




GPJN-75 




0.018 


31.7 


1781 




GPJN-79 




0.083 


>100 


1204 




GPJN-80 




0.18 


>100 


555 




GPRTI-8 


3 


0.137 


s-79 


>576 




VP32947" 




0.003 


47 


>16785 
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** Bagznsky et al, Proc Nail Acad Set USA 20QQJul5 $ 97(14):79Bl-6 
EC& effective concentration required to reduce virus induced cytopaihic effect in MDBK cells by 50%. 
IC& inhibitory concentration required to reduce the growth of exponentially growing MDBK celk by SQ% 
SI: ICs(/EC 5{> 



5 Data are mean values for 2-5 independent determinations 
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Anti-coxsacJde B3 activity in Vero cells 



10 



Compound 


example 


ECsoftig/mi) 


TCt» (yg/ml) 


SI 


GPJN-5 




€.0 


>100 


16.6 


GPJN-32 


35 


6.5 


69 


. 15.4 


GPJN-40 


41 


8.95 


>100 


11.2 


GPJN-50 




8.47 


>100 


11.8 


GPJN-60 




6.1 


>100 


16.4 


GPJN-64 




12 


>42 


3.6 


EfpRTI-8 


3 


12.2 


>100 


8.48 



EC,* effective concentration required to red** virus (CBV-3 Nancy strain-induced cytopathic effect in Vero 
cells by 50%. 

TC 30 t effective concentration required to reduce ike metabolism of confluent Vera cells by S<M as determined by 
the MTS method. 
SI: ICsf/ECso. 

Data are mean values for two or more independent determinations 
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CLAIMS 

5 1 . A compound according to formula I 




I 



or a pharmaceulically acceptable salt thereof, wherein 

io 

R 1 is selected from hydrogen; phenyl substituted with 0-3 R 6 ; (benzoanaellated) 5 or 6 
raembered heterocyclic ring containing 1-3 heteroatoms selected from the group O, N, and S, 
substituted with 0-2 R*; 1-naphthyl substituted with 0-3 R s ; 2-naphthyl substituted with 0-3 
R 6 ; C3.7 cycloalkyl; Cs-? cycloalfcenyl with the proviso that the double bond cannot be 
15 adjacent to a nitrogen. 

Y is selected from the group -(CH^o-s-; O; S; NR n ; -CH(CH 3 >; -OCH2-; -CH 2 0-; -OCH 2 - 
CH 2 -; -CH2-CH2O-; -CH2-O-CH2-; -SCH a -; -CH 2 S-; SCH1-CB2-; -CH 2 -CH 2 S-; -Clfc-S-CHz- 
; -NR'^CHz-; -CH2-NR 11 -; -^"-CHj-CHj-; ^CHa-OH^-NR 11 -; ~CH 2 -NR ,l -CH 2 -; -C(CH 3 )2-; 
20 (cis or trans) -CH=CH-; (cis or trans) -CH 2 -CH=CH-; (cis or trans) -CH=CH-CH 2 -. 

R 2 , R 4 and R 5 are independently selected from hydrogen; straight or branched Cm alkoxy; 
straight or branched C U6 alkyl; F; CI; Br; J; OH; CN; N0 2 ; NR 7 R 8 ; OCF 3 ; CF 3 ; C(=0)R 9 ; 
phettyl; phenoxy; benzyl; hydroxymethyl. 

25 

X is selected from the group -CH 2 -; <H(CHs)-; -Clfc-CHk-; -CH;rCH 2 -CH 2 -; -CH 2 -CH 2 - 
CH 2 -CH 2 ; -OCEfc-CH*-; -SCH 2 -CH 2 s -NR^-CHz-CHb-; C 3 . 7 cycloalkylidene; -C(CH 3 ) 2 ~; - 
CH 2 -CH(CH 3 >CH 2 -; -CH(CH 3 )-CH 2 -CH 2 -; -CH 2 -CH 2 -CH(CH 3 )-; -CH-=CH-CH 2 -. 
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R 3 is selected from phenyl substituted with 0-3 R 17 ; (benzoannellated) 5 or 6 membered 
heterocyclic ring containing 1-3 heteroatoms selected from the group O* N # and S 5 substituted 
with 0-2 R 17 ; i-naphthyi substituted with 0-3 R 17 ; 2-naphtbyl substituted with 0-3 R 17 ; C M 
cycloalkyl; C*7 cycloalkenyi with die proviso that the double bond cannot be adjacent to a 
5 nitrogen. 

R* and R 17 are independently selected from the group H; straight or branched Ci^ alkoxy; 
straight or branched C|. 6 alkyl; F; CI; Br, I; OH; CN; NO2; NR U R 34 ; OCF 3 ; CE 3 ; C(=0)R IB ; 
phenyl; phenoxy; benzyl; hydroxymethyL 

10 

TK 7 "aad R 8 are independently selected from H; straight or branched alkyl; phenyl; 
C(=0)R 12 . 

alternatively, R 7 and R 8 , together with the nitrogen to which they are attached, combine to 
15 form a 5-6 membered ring containing 0-1 O or N atoms. 

R 9 and R 15 are independently selected from H; OH; straight or branched Ci- 6 alkyl; straight or 
branched C1-5 alkoxy; NR**R 16 ; phenyl. 

20 R 10 and R n are independently selected from the group H; straight or branched alkyl; 
phenyl, 

R* z is selected from the group H; Cue straight or branched alkyl; phenyl. 

25 R n and R 14 are independent3y selected from It straight or branched Q-6 alkyl; phenyl; 
C<=0)R 12 . 

R 15 and R 1 * are independently selected from the group H; straight or branched alkyl; 
pheayL 



30 



2, A compound according to formula H 
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n 



or a pharmaceutically acceptable salt thereof; wherein 



5 

R 1 is selected from phenyl substituted with 0-3 R 6 ; (benzoannellated) 5 or 6 membered 
heterocyclic ring containing 1-3 heteroatoms selected from the group O, N, and S, substituted 
with 0-2 R*; 1-naphthyl substituted with 0-3 R*; 2-naphthyl substituted with 0-3 R 6 ; C3.7 
cycloalkyl; C5-7 cycloalkenyL 

10 

R , R and R are independently selected from hydrogen; straight or branched Q-e alkoxy; 
straight or branched C M alkyl; F; CI; Br; I; OH; CN; N0 2 ; NR 7 R 5 ; OCF 3 ; CF 3 ; C(=0)R p ; 
phenyl; phenoxy; benzyl; hydroxymethyl. 

15 X is selected from the group -CH 2 -; -CH(CH 3 )s -CHa-CH 2 -; -CH 2 -CH 2 -CH 2 -; ~CH;rCH 2 - 
CH2-CH2; -OCH2-CH2-; -SCH2-CH2-; -NR ,(J -CH 2 -CH 2 -; Cut cycloalkylidene; -C(CH 3 V; - 
CH 2 -CH(CH 3 )-CH 2 ~; -CHCCHj^CH^CHz-; -CH 2 -CH*-CH(CH 3 )-; -CH=CH-CH 2 -. 

R 3 is selected from phenyl substituted with 0-3 R 17 ; (benzoannellated) 5 or € membered 
20 aromatic heterocyclic ring containing 1-3 heteroatoms selected from the group O, N, and S, 
substituted with 0-2 R 17 ; 1-naphthyl substituted with 0-3 R 17 ; 2-naphthyl substituted with 0-3 

IT 

R ; C3.7 cycloalkyl; C5.7 cycLoalkenyl with the proviso that the double bond cannot be 
adjacent to a nitrogen. 

25 R 6 and R 17 are independently selected from the group H; straight or branched alkoxyi 
straight or branched C M alkyl; F; CI; Br, £ OH; CN; NO*; NR l3 R 14 ; OCF 3 ; CF 3 ; C(=0)R 18 ; 
phenyl; phenoxy; benzyl; hydroxymethyL 



46 



10040717-. V3-:j u 1 ^02 1 1 2?41~1 



S.Jnll 2002 12 = 43 +32 16 326515 , «r-zi'» °* /0 ' 

G 

R 7 and R 8 are independently selected from H; straight or branched Ckj alkyi; phenyl; 
CC=0)R 12 . 

alternatively, R 7 and R 8 , togemer with the nitrogen to which they are attached, combine to 
5 form a 5-6 membered ring containing 0- 1 O or N atoms. 

R» and R ls are independently selected from H; OH; straight or branched C M alkyi; straight or 
branched Ci^ alkoxy; m l5 R 16 ; phenyl. 

10 R 10 is selected from the group H; C w straight or branched alkyi; phenyl. 

r'* is selected from the group H; C w straight or branched alkyi; phenyl. 

R" and R M are independently selected from H; straight or branched C w alkyi; phenyl; 
15 C(=0)R 12 . 

R ,s and R 16 are independently selected from we group H; Ci-e straight or branched aBcyl; 
phenyl. 

20 3. A compound according to claim. 2, characterised in that 

R 1 is selected from phenyl substituted with 0-3 R*; (benzoamieUated) 5 or 6 membered 
heterocyclic ring containing 1-3 heteroatoras selected from the group O, N, and S, substituted 
with 0-2 R*; 1-naphthyl substituted with 0-3 R e ; 2-napmhyl substituted with 0-3 R*; Cm 
25 cycloalkyl; C5.7 cycloalkenyl. 

R 2 , R 4 and R 3 are independently selected from hydrogen; straight or branched C w alkoxy; 
straight or branched C* alkyi; F; CI; Br; I; OH; CN; NO*; NR 7 R 8 ; OCF 3 ; CF 3 ; C(=0)R ? ; 
phenyl; phenoxy, benzyl; hydroxymethyL 

30 

X is selected from the group -CH 2 -; ~CH(CH 3 )-; <H 2 -CHrCH 2S ^OC^CH*-; -CH=CH- 
CH 2 -. 
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R 3 is selected from phenyl substituted with 0-3 R* 7 ; (benzoannellated) 5 or 6 membered 
aromatic heterocyclic ring containing 1-3 hetoeroatoms selected from the group O, N> and S, 
substituted with 0-2 R 17 ; 1-naphthyl substituted with 0-3 R 17 ; 2-naphthyl substituted with 0-3 
R 17 ; C3.7 cycloalkyl; C5-7 cycloalkenyl with the proviso that the double bond cannot be 
5 adjacent to a nitrogen. 

R* and R 17 are independently selected from the group H: straight or branched alW y; 
straight or branched C w alkyl; F; CI; Br; I; OH; CN; NO2; NR 13 R U ; OCF 3 ; CF 3 ; C(=0)R 18 ; 
phenyl; phenoxy; benzyl; hydroxymetbyl. 



R 7 and R 8 are independently, selected from H; straight or branched C1-6 alkyl; phenyl; 
C(~0)R l \ 

alternatively, R 7 and R 8 > together with the nitrogen to which they are attached, combine to 
15 form a 5-6 membered ring containing 0-1 O or N atoms. 

R* and R 18 are independently selected from H; OH; straight or branched Ci- 6 alkyl; sfcaigfct or 
branched alkoxy; NR 15 R 16 ; phenyl- 

20 K n is selected from the group H; C w straight or branched alkyl; phenyl. 

R 13 and R 14 are independently selected from H; straight or branched Ci^ alkyl; phenyl; 
C(=0)R 12 , 

25 R JS and R ie are independently selected from the group H; straight or branched alkyl; 
phenyl. 

4. A compound according to claim 2, characterised in that 

30 R l is selected from phenyl substituted with 0-3 R 6 ; (bmzoannellated) 5 or 6 membered 
heterocyclic ring containing 1-3 heteroatoras selected from the group O, N, and S y substituted 
with 0-2 R* 1-naphthyl substituted with 0-3 R*; 2-naphfcyl substituted with 0-3 R*; C3.7 
cycloalkyl; C5.7 cycloalkenyl. 
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R , R and R are hydrogen. 
X is selected fro* the group -CH*-; -CH(CH 3 >; -CMrCHrCHr; -OCH 2 -CH 2 -; -CH=CH- 

CHy. 

5 

R 3 is selected from phenyl substituted with 0^3 R 17 ; (benzoannellated) 5 or 6 membered 
aromatic heterocyclic ring containing 1-3 het^atoms selected from the group O, N, and S, 
substituted with 0-2 R 17 ; 1-naphthyl substituted with 0-3 R 17 ; 2-naphthyl substituted with 0-3 
R 17 ; C3.7 cycloalkyl; Cm cycioalkenyl with the proviso that the double bond cannot be 
10 adjacent to a nitrogen. 

R« and R 17 are independently selected from the group H; straight or branched Ch> alkoxy; 
straight or branched C M alkyl; P; CI; Br, I; OH; CN; N0 2 ; NR 13 R M ; OCF 3 ; CF 3 ; C(=0)R»; 
phenyl; phenoxy; benzyl; hydroxvmethyl. 

15 

R 9 is selected from H; OH; straight or branched C M alkyl; straight or branched C« alkoxy; 
"NR* 5 R 16 ; phenyl. 

R" and R w are independently selected from H; straight or branched C w alkyl; phenyl; 
20 C(=0)R 12 . 

R 1S and R 16 are independently selected from the group H; Cut straight or branched alkyl; 
phenyL 



25 



5. A compound according to claim 2, characterised in that 



R 1 is selected from phenyl substituted with 0-3 R 6 ; (benzoannellated) 5 or 6 membered 
heterocyclic ring containing 1-3 heteroatomB selected from the group O, N, and S, substituted 
30 with 0-2 R*; 1-naphthyl substituted with 0-3 R 6 ; 2-naphthyl substituted with 0-3 R 6 . 

R z , R 4 and R 5 are hydrogen 

X is selected from-CH 2 -i-CH(CH 3 )-; -CH 2 -CH 2 -CH 3 -; -OCH 2 -CH 2 -; -CH=CH-CH 2 - 
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R 3 is selected from phenyl substituted with 0-3 R 17 ; (benzoannellated) 5 or 6 membered 
aromatic heterocyclic ring containing 1-3 heteroaioms selected from the group O, N, and S, 
substituted with 0-2 R 17 ; 1-naphthyl substituted with 0-3 R 17 ; 2-naphthyl substituted with 0-3 
5 R 17 . 



R an d R* a re independeatly^elected^fromr4^^ 

straight or branched C M afikyl; F; Cl; Br> I; OH; CN; NO^ NR 13 R 14 ; OCF 3 ; CF 3 ; C(=0)R 9 ; 
phenyl; phenoxy; benzyl; hydroxymeflbyl. 

10 

R 9 is selected from H; OH; straight or branched alkyl; straight or branched C w alkoxy; 
NR 15 R 16 ; phenyl 

R 15 and R* 4 are independently selected from H; straight or branched d-e alkyl; phenyl; 
15 C^R* 

R 15 and R 16 are independently selected from the group H; straight or branched alkyl; 
phenyl. 

20 6. A compound according to claim 2, characterised in that 

R 1 is selected from phenyl substituted with 0-3 R 6 ; 5 or 6 raembered heterocyclic ring 
containing 1-3 heteroatoms selected from the group O, N, and S, substituted with 0-2 R 6 ; 1- 
naphthyl substituted with 0-3 R 6 ; 2-naphthyl substituted with 0-3 R* 

25 

R 2 , R 4 and R 3 are hydrogen. 

X is selected from-CHa-; -CH(CH 3 )-; -CH2-CH2-CH2-; -OCH*-CH;r-; -CH=CH-CHz-. 

30 R 3 is selected from phenyl substituted with 0-3 R 17 ; 5 or 6 membered aromatic heterocyclic 
ring containing 1-3 heteroatoms selected from the group O, N, and substituted with 0-2 R n ; 
1-naphthyl substituted with 0-3 R 17 ; 2-naphthyl substituted with 0-3 R 17 . 
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R* and R 17 we independently selected from hydrogen; straight or branched C w alkoxy; 
straight or branched aftyl; F; Cl; Br; I; OH; CN; NO*; NR^R 14 ; OCF 3 ; CF 3 ; C(=0)R»; 
phenyl; phenoxy; benzyl; bydroxymeflryl. 

R 9 is selected from H; OH; straight or branched C w alkyl; straight or branched C M alkoxy; 
NR 15 R W ; phenyl. 

R* 3 and R w are independently selected from H; straight or branched Ci^ alkyl; phenyl; 
C(=0)R 12 . 

R 15 and R w are independently selected from the group H; C w straight or branched alkyl; 
phenyl. 

7. A compound according to claim 1 or claim 2 selected of Hie group of 

15 s-VfiEtfom*^^ 

5-Benzyl-2-(2,6-dmuorophOTyl)-S^-imidazo[4,5-c]pyridme; 

5<2,6^Difluorobenzyl)-2-ph^ 
5-Benzyl-2-phenyl-5iy-irmdazo[4,5-c]pyridine; 

2<2,6-Dmuorophenyl)-5-phenemyU^^ 
20 2-Phenyl-5-(3-phenyl-propyl)-5/f-inndazo[4,5-c^yriduie; 
S<2-C^orobenzyi)-2-phenyl-5H-hmda2»[4 s 5-c]pyridine; 

5-(3-C^orobenzyl)-2-phemyl-5if-i^ , 
5K4-CWorobenzyi)-2-phenyl-5//4midazo[4,5-c]pyridine; 
5<2-Methoxybei^l)-2-phenyl-5H-imidazo[4,5-c]pyridine; 
25 5<3-MethoxybenzyI>2-phenyl-5i?-hmdazo[4 > 5H;]pyridine; 
5-(4-Methoxybenzyl>2-phenyl-5H-imidazo[4,5-c]pyridnie; 

5^4-Methylb^yl)-2-phenyl-Stf-ir^ 
5<3-Fluorobenzyl)-2-phenyl-Si/-imidazo[4 3 5^]pyridine; 
5^4_Huowbenzyl)-2-phenyl-5H-inudazo[4,5^]pyridine; 
30 j^-Bromoben^l^-phenyl-S/f-iniiQaTOHjS-clpyridine; 

4^2-Phenyl-5tf-inudazo[4,5^]p 
5^4-Trinuoromeuvl-benzyl)-2-phenyl-5^ 
5^4-CMorobenzyl>2-phettyl-5^^ 
5<5-CMorc-2-tmenylmemyO-2^henyl-5tf-inii 
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5-(2-NapWiylme&yi>2-phrayl-5//-^ 

1- Phenyl-S^phenyl-butyl^SH-imida^^S-cjpyridfaxe; 

2- Phenyl-5K4^henyl-ben^I>-5^^ 

(R/S>2-Phenyl-5^1-phenyl-efliyO-5H-^dazo[4,5-c]pyridine; 
5 Hl-Naprmrylraemyl>2-^^ 

5<2A-Diflium>benzyl)-2^2,6^^^ 

5^4-BromobenCTl>2-f2^Moroph^ 

5^4-Bromobenzyl>2-(3^Morophenyl>5iy-n^^ 

5K4-Bromobenzyl)-2-(4-cMorophen^ 
10 5^4-Bromobenzyl>2-(2-pyridyl)-5J^ 

5^4-BromobenzyL)-2-(2-thienyl)-5JY-iimda2»[4,5^]pyridine; 

5^4-BromobenzyL)-2-(l-naph%l)^ 

5<4-Bromobenzyl)-2-(2-naph%l)^^^ 

5<4~Iodobeiizyl>2-phenyI-5jff-imi^^ 
15 5^4-Bromobenzyl)-2-(3-fluorophenyl)-5^^ 

5^4-Bromober^l)-2-(3-melhylpheny 

5^4-Broraobenzyl)-2-(34jromopheay^ 

5^4-Bromobeai2yl)-2-(3-meAoxjpheaayl)-5if-ntdd 

5-(4-CMorobeii2yl)-2^3-bromcpken^ 
20 5<4-CHorobenzyl)-2^3K:Moroph^ 

5K2-Pheaoxy-e(hyI)-2-phettyl-5^-iiiudazo[4 f 5-c]p>Tidin.e; 

5-(3-Pheoyl-pirop-2-«a- l-yl)-2-phenyl-5/r-imidazo[4,5-c]pyridiae and 

5-(4-Iodobenzyl)-2-(3-bromophenyI)-5iy-iraida2o[4,5^Jpyridine. 

25 8. A compound according to any of claims I to 9 for use as a medicine. 

9. A compound according to any of claims 1 to 9 for use as an antiviral agent. 

10. A pharmaceutical composition comprising a pharmaceutical^ acceptable carrier and as 
30 active ingredient, a tiwurapeutically effective amount of a compound according to any of 

claims 1 to 9. 
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11. Us Of a compound according to any of the claims I to 9 or a pharmaceutical composition 
according to claim 10 for the manufecture of a medicament in the treatment or prevention 
of viral infection 

5 12. Us of a compound according to any of the claims 1 to 9 or a pharmaceutical composition 
according to claim 10 for the manufecture of a medicament in the treatment or prevention 
of a viral infection with a virus belonging to the family of the Flaviviridae. 

13. Us of a compound according to any of the claims 1 to 9 or a pharmaceutical composition 
10 according to claim 10 for the manufecture of a medicament in the treatoent or prevention 

of a viral infection with hepatitis-C-virus. 

14. Us of a compound according to any of the claims 1 to 9 or a pharmaceutical composition 
according to claim 1 0 for the manufacture of a medicament in the treatoent or prevention 
of a viral infection with a viruses belonging to the family of the Picomaviridac. 



IS. Us of a compound according to any of the claims 1 to9 or a pharmaceutical composition 
according to claim 10 for the manufacture of a medicament in 1he treatment or prevention 
of a viral infection with a Coxsackie virus. 
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ABSTRACT 



5 Viral inhibitors 



The present inventions relates to a pharmaceutical composition for the treatment ox prevention 
of viral infections comprising as an active principle at least one imidazo[4,5-c]pyridine 
10 derivative having the general formula (I) or (H) 




I 




15 

The invention also relates to processes for the preparation of the compounds according to the 
invention having above mentioned general formula and their use as a medicine to treat or 
prevent viral infection. 

20 
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